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“For This Job, 
Give Me Iwo Things 


ina Motor’ 


... said the Power Plant Engineer 





“To Drive Boiler Feed Pumps, motors 
must first be s#mple. For example, take 
these three Allis-Chalmers 800 hp, 3600 
rpm motors. They're 2-pole, squirrel- 
cage, single winding machines. . . with 
practically fool-proof rotors and sleeve 
bearings. But second, and even more 
important. . . 





We’re Getting Better Efficiencies and 
ge factor .. . and lower starting 

va, through improved squirrel-cage de- 
sign. We've designed bearing brackets 
generously for greater structural rigid- 
ity. In fact, all the way around you can 
expect to find long life and low main- 
tenance built-into our motors! 
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They’ve Got to be Dependable! 
Here’s what I mean.These same motors 
have given us 17 years of uninterrupted 
service. We've had to order replacement 
parts for them only twice... at a total 
cost of less than $12 a year. We call that 
good performance...the kind we've 
come to expect of a// your motors !”’ 












Frankly, Mr. Reader, we are mighty 
proud of our 2-pole motors. We've been 
developing them for high-speed require- 
ments like this from the very earliest. 
Licked a lot of problems too. Like cut- 
ting down noise through better design 
... reducing windage noise with proper 
baffling, and curbing magnetic noise. .. 


Yes, “A-C” Means Long Life in Motors! 


ee of size or type you'll be 
money ahead with Allis-Chalmers 
motors. For at A-C you can expect and 
get the same careful engineering, gener- 
ous design and long-life operation that 
thousands of motor buyers have come 
to rely upon through the years. 

And remember . . . while many jobs 
call for special or modified motors, there 
are many more that can be solved with 
standard motors . . . at less cost... 
and often with saving in time! ALLIs- 
CHALMERS, MILWAUKEE. A 2082 


ALLIS© CHALMERS 








One of the Big 3 in Electric Power Equipment — 
Biggest of All in Range of Industrial Products 
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Now... Precision Castings 
‘1 MONEL, NICKEL and INCONEL 








are 


You already know the many tough jobs that have been licked by using 
strong, hard, corrosion-resisting INCO Nickel Alloys. 


Now...comes a development that extends the usefulness of these 
problem-solving alloys. 


Precision castings are now being produced by INCO in Nickel, Monel, 
Inconel and other high-Nickel alloys. 


That means designers and engineers can use these rustless alloys in 
complicated shapes which frequently were not practical or economical 
to obtain as sand castings or by machining from forged stock. 


The illustration shows the flexible design possible. Note the holes, 
———— slots, undercuts, vanes, wing sections, gear teeth and threaded sections 
that can be produced with hair-tolerances and fine finish... without 

machining or grinding. 


Both manufacturers and users profit by this development. To the manu- 
facturer, it means a chance to use INCO Nickel Alloys in more econom- 
ical forms. To the user, it means broader protection against stress. . . 
corrosion ... erosion... high temperatures... abrasion. 


The International Nickel Company, Inc.,67 Wall St., New York 5,N.Y. 


Precision Castings in INCO NICKEL ALLOYS 
—a new way to lengthen equipment life 


MONEL* + “K’ MONEL* - “R’ MONEL* + ‘KR’ MONEL* + “S’ MONEL* «- INCONEL* + NICKEL + “L’ NICKEL* + “Z” NICKEL 
*Reg. U.S. Pat. OF 
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Classified for Convenience when Studying Specific Design Problems 


Design and Calculations 


Acceleration analysis, Edit. 147-150 

Clutches, mercury, Edit. 137-141 

Cold heading, Edit. 119-124 

Engine, novel features of, Edit. 125-128 

Fuel injection system, Edit. 108 

Gear durability, Edit. 142-146 

Inspection of bottled beverages, Edit. 107 

Nomograph for squares (data sheet), Edit. 
155-156 

Plastics in electrical applications, Edit 
125-128 

Precision casting, Edit. 129-131 

Recorder, endless belt, Edit. 99-104 

Ship propeller, cycloidal, Edit. 105 

Silicone oils and greases, uses of, Edit. 
109-113 

Spring, suspension, Edit. 106 

Stress gages, Edit. 132-136, 186 

Welding, seam, Edit. 106 


Engineering Department 
a. Edit. 170-172; Adv. 10, 189, 


Instruments, Edit. 132-136, 170, 172, 
186; Adv. 190 
Supplies, Adv. 45, 181, 272, 284, 286, 295 


Finishes 
Synthetic, Adv. 85 


Materials 
a alloys, Adv. 37, 65, 81, 230, 


Babbitt, Adv. 266 

Bronze, Adv. 78, 163 

Carbides, cemented, Adv. 27 

Copper alloys, Edit. 159; Adv. 41, 60 

Felt, Adv. 180 

Glass, Adv. 281 

Laminates, Edit. 166; Adv. 194 

Magnesium alloys, Edit. 178; Adv. 165 

Magnetic, Edit. 161 

Molybdenum alloys, Adv. 183 

Nickel alloys, Adv. 4, 18, 31 

Plastics, Edit 114-118, 158, 168, 172; 
Adv. 14, 15, 25, 62 

Powder metal, Adv. hy 

Precious metals, laminated, Adv. 52 

Rubber and synthetics, Adv. 46, 59, 246 

Steel, Adv. 51, 77, 171, 270 

Steel, stainless, Adv. 83, 93 

Tungsten, Adv. 193 


Parts 
Balls, Adv. 284 


Bearings: 
Ball” Adv. 6. 8, 226, 236, 287 
Covers, Adv. 29 
Needle. Adv. 187 


Roller, Edit. 166; Adv. 196, 207, 212, 


221. 223 932 276 
Spherical, Adv. 92 
Sleeve, Adv. 90, 92, 247, 271 
Bellows, "Adv. 67 
Belts and belt drives, Edit. 101; Adv. 23, 
74, 79, 274 
Brushes, Adv.- 70 
Cable controls, Adv. 98, 276 
Carbon parts, Adv. 20, 209, 272 
Castings: 
Centrifugal, Adv, 71 
Investment, Edit. 129-131; Adv. 72 
Permanent mold. Adv. 217 
Sand, Adv. 24, 75, 206 
Chains: 
Conveyor, Adv. 11 
Roller, Adv. 242, 256 
Silent, Adv. 18, 40 
Clutches, Edit. 137-141, 157; Adv. 16, 
48, 252, 258, 262, 276, 280 
Controls (See Electric, ‘Cable, Etc.) 
Counters, Adv. 234 
— Edit. 159, 164; Adv. 19, 42, 
2 


Electric accessories, Adv. 275, 282 
Electric controls: 
Contacts, Adv. 271 
Control assemblies, Edit. 159; Adv. 69, 
Back Cover 
Electronic, Edit. 107 
Relays, Edit. 162, 166; Adv. 63, 64, 
213, 253 


Solenoids, Adv. 235 
Starters, Adv. 261 


Switches, Edit. 161, 162, 164, 166, 


168; Adv. 36, 50, 68 
Timers, Adv. 264, 284 
Voltage regulators, Adv. 211 
Electric starter generator, Adv. 94, 95 
Electric generators, Adv. 294 
Electric motors, Edit. 162; Adv. Inside 
Front Cover, 1, 26, 28, 35, 186, 202, 
227, 287, 248, 257, 964, S74, 277, 
280, 289, 291, Inside Back Cover 
Engines, Edit. 108, 125-128, 157; Adv. 
188, 270, 292 
Expanded metal, Adv. 175 
Fastenings: 
Blind, Edit. 162; Adv. 288 
Locking, Edit. 164, 168; Adv. 49, 195, 
208, 245, 292 
Nuts, bolts, screws, Edit. 168; Adv. 
44, 54, 82, 174, 301, 219, 220, 244, 
254, 971, 972. 286, 295, 300 
Pins, Adv. 76, 279 
Rivets, Adv. 200 
Filters, Adv. 30 
Fittings, Adv. 184, 185, 191 
Forgings, Adv. 182, 218, 251, 255, 269 
Gages, pressure, etc., Adv. 56 197 


Gears, Edit. 142-146: Adv. 12. 57, 88, 
215, 241, 278, 287, 291, 295 
Generators (See Electric generators) 
Hose (See Tubing) 
Hydraulic and pneumatic equipment: 
Controls, Adv. 205 
Cylinders, Edit, 158, 164 
Pumps, Fdit. 166; Adv. 88, 97, 192, 
228, 232, 273 
Systems, Edit. 157, 161; Adv. 238 
Valves, Edit. 170; Adv. 240, 249, 
250, 270 
Insulation, Adv. 265 
Leather parts, Adv. 53 
Lubrication and equipment, Edit. 109- 
118; Adv. 55, 169, 283, 290 
Machined parts, Adv. 264, 279 
Motors (See Electric motors) 
Mountings, Edit. 106 
Plastic parts, Edit. 160; Adv. 198, 248 
Pneumatic equipment (See Hydraulic and 
pneumatic ) 
Powder-metal parts, Adv. 84 
Pulleys and sheaves, Adv. 38 
Pumps (See also Hydraulic and pneu- 
matic), Edit. 168; Adv. 279, 282, 
286, 290 
Rubber and synthetic parts, Adv, 225 
Screws, power, Edit. 157; Adv. 86 
Seals, , packings, gaskets, Edit. 160, 170; 
2.9.17, 21, 58, 89, 167, 204, 
231, 275, 289, 292 
Shafts, Flexible, Adv. 283, 290 
Sheet-metal parts, Adv. 216, 283 
Speed reducers, Adv. 66, 275 
Spindles, Edit. 159; Adv. 291 
Springs, Adv. 262 
Spun parts, Adv, 288 
Stampings, Adv. 87, 224, 278, 314 
Transmissions, variable speed, Edit 157, 
161; Adv. 5, 48 
Tubing: 
Assemblies, Adv. 9 
Metallic, Adv. 77 PLL 210, 263, 285 
Nonmetallic, Adv. 
Universal joints, Adv. ‘ont 
Valves (See also > tac and pneu- 
matic), Adv. 
Weldments and allie Edit. 106; 
Adv. 47, 222, 229, 239 
Wheels and casters, Adv. 258 
Wire and wire products, Adv. 29, 280 


Production 


Cold heading, Edit. 119-124 

Facilities, general, Adv. 61. 

Hardening, induction, Adv. 39 

Spinning, Edit. 158 

Tools and accessories, Adv. 73, 80, 203, 
278, 293 


MACHINE DESIGN is indexed in Industrial Arts Index and Engineering Index Service, both available in libraries generally. 
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~ Manufactured by 
LINK-BELT COMPANY 


£ Chicago 9, Indianapolis 6, Philadelphia 40, New York 7, Atlanta, Dallas 1, 
i Houston 2, Minneapolis 5, San Francisco 24, Los Angeles 33, Seattle 4, 
Toronto 8. Offices, Factory Branch Stores and Distributors in Principal Cities. 
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CERAMIC AND SINTERED MATERIALS have 
been developed by the Germans for use in the pro- 
duction of high-heat resisting turbine blades, ac- 
cording to a report released by the Office of the 
Publication Board, Department of Commerce. 


WITHOUT BENEFIT of brush or spray gun, a 
new paint may be applied by wiping on with a 
piece of cheese cloth. Known as “Dab” the prod- 
uct has been developed by the Automotive Division 
of Motel Supplies. 


PRIVATELY-OWNED AIRPLANES should be 
equipped with tricycle landing gear and automatic 
flap, be stallproot and spinproof, have a 50 mile-an- 
hour minimum flying speed, and incorporate design 
simplifications, according to J. M. Gwinn Jr. of 
Consolidated Vultee Aircraft Corp. 


FLAME SPRAYING process has been developed 
for applying plastic coatings to materials. Perfected 
by the Powder Weld Co. it can also be used to weld 
or braze without the use of rod, wire or separate 
flux. Mechanical mixtures of powder metals and 
suitable fluxes are projected through the flame cone 
into the work surface. 


STEERING of tomorrow’s light passenger cars 
may be accomplished by two balanced hydraulic 
circuits, according to the B. F. Goodrich Co. One 
circuit will effect a hydraulic tie rod between the 
front wheels, the other will be a pump circuit. Both 
will be kept under minimum pressure by a spring- 
loaded reservoir. Also, a hydraulic constant-level 
mechanism, applied to all four wheels will maintain 
chassis height regardless of wheel movements. 


PHOTOGRAPHIC STUDIES of how a lubricant 
acts inside an internal-combustion engine has pro- 
vided engineers with information on the perform- 





_ ance of pistons, rings 

and oil film. Using glass 

cylinders and camera, M. C. 

Shaw and T. J. Nusdorfer of the 

National Advisory Committee for Aero- 

nautics revealed that piston-skirt lubrica- 

tion is hydrodynamic for at least part of the 

stroke and that the amount of lubrication is a tunc- 

tion of the relative angular positions of the piston 

rings and the lateral motion of the piston. The 

rings were observed to rotate as much as one revolu- 
tion per minute at engine speeds of 1000 rpm. 


STANDARD GRAYS recommended by ASA have 
been selected jointly by Westinghouse and General 
Electric to achieve color harmony for separate prod- 
ucts grouped together or for two-tone treatment of 
a single unit. These grays, identified by the Munsell- 
spectrophotometer system, are light gray, 2.5 GY 
6.0/0.5; medium light gray, 7.5 BG 4.5/1.0; medium 
dark gray, 6.5 B 8.3/1.0; and dark gray, 10.0 B 
2.5/1.0. 


TO ENCOURAGE study and preparation of 
papers on design, research and education with re- 
spect to the application and use of arc welding, the 
James F. Lincoln Arc Welding Foundation has an- 
nounced a new $200,000 award program. Details 
may be obtained from the secretary of the founda- 
tion in Cleveland. 


DIAPHRAGMS OF FIBER GLASS for sensitive 
control of instruments have proved superior to goat's 
skin, according to the Askania Regulator Co. The 
new diaphragms are nonporous, do not stretch, and 
are impervious to gases and vapors. They also have 
high resistance to alkalis and acids and have much 
longer life than goat leather. 


ROCKET MOTORS can get the same mileage at 
2750 mph that a typical reciprocating aircraft en- 
gine with propeller gets at 350 mph from a pound of 
propellant mixture, both operating at an efficiency 
of 25 per cent. It is reasonable to assume, however, 
that greater efficiencies than the present maximum 
of 28 per cent may be obtained from’ rocket power 
in the near future. 
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Design features include mech- 
anism which handles 0.005- 
inch thick plastic belt, and 
drive system that insures con- 
stant recording speed 


By F. W. Roberts 
and A. W. Skoog 


Dictaphone Corp. 
Bridgeport, Conn. 


ESIGN specifications of the mack 
unit providing continuous recoréifi 
mass production, and using a4 

cording medium employed is a colle 
0.005-inch thick, 3% inches wide 
which a tone groove is pressed of 
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a Fig. 2—One of the two record. 
ing-reproducing units, show. 
ing how the endless plastic 
‘ae belt is stretched between the 
i mandrels. Mandrel at left 
can be swung in toward drive 
mandrel, right, to facilitate 
mounting or demounting of 
the belt type record 








mae 





Moandrel Belt 





} 
Stylus | 


FReproducer 








belt may be folded flat for mailing or filing. 

In operation, the plastic belt is stretched between two 
mandrels, Fig. 2, one of which is spring loaded. Use of 
the belt-type record permits constant tone-groove speed 
throughout ‘the recording interval, while the stretching 
operation permits the employment of a thinner record than 
used in previous recording systems. This latter feature 
means that moré sound can be recorded per pound of 
plastic. 

Schematic drawing, Fig. 2, shows the drive and driven 
mandrels with the recording belt in place. Pictured also 


mec oe 


pre e 


bs 


Geor trong, order carriage 


/nterloa 


Flywheel Magnet: 


recorder 





are the recording and reproducing heads together with 
their respective feed screws. Recording takes place upon 
the fixed anvil which is finished in polished hard chromium. 
Reproduction, either simultaneous with or independent 
of recording, may be accomplished by the reproducer 
unit whose stylus contacts the belt as it curves around the 
drive mandrel. To permit continuous recording, two of 
the units shown in Fig. 2 are assembled for sequential 


Fig. 3—Below—The two duplicate recording-reproducing 
units employed, with key components identified 


Ejector /ever 


Eyector 
Reproducer corriage 


Crystal reproducer 
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operation. Changeover from one unit to the other with 
a thirty-second overlap is automatically accomplished. One 
unit may be reloaded while the other is recording. The 
recording time per record is one-half hour. 

Cabinet of the machine provides mounting space for an 
amplifier as well as a support for the plate on which are 
mounted the recording units. This “unit plate” is a 12- 
gage steel sheet with the edges bent down and the corners 
brazed. It is provided with cutouts for the frames of the 
units. These frames, Fig. 3, are one-piece aluminum cast- 
ings, light, yet rigid, designed to be milled easily by 
ganged cutters, and drilled and tapped in jigs. All projec- 
tions on the frame are dimensioned to be free from reson- 
ance with moving parts of the machine. The bearings 
used are sintered bronze. 

Heart of any recording machine is the drive system 
which must be free from vibration and rapid speed 
changes, called flutter. Variations in record speed which 
have rates of change faster than approximately eight cycles 
per second must be less than 0.5 per cent. Long-time 
variations with periods of several seconds up to several 
minutes may have speed changes of several per cent with- 
out noticeable effect on the intelligibility of reproduction. 

A drive system using a vibration-free motor and high 
precision gears can be made to fulfill the above criteria, 
but such a solution is costly. In the present design this 
problem was solved through the use of a mechanical filter 
system in which a shaded-pole induction motor, suspended 
on springs, drives a flywheel through a double string-belt 
reduction system, Figs. 4 and 5. The belt, of the type 
used on dental equipment, is used double-wrap to min- 
imize the speed change caused by the belt joint passing 


Fig. 4—Below—Unit plate tilted up as for servicing, show- 
ing spring-suspended motors and related components 


Fiexible mofor mounts 


Flywheel Mofor 
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Fig. 5—String-belt reduction system has double wrap to 
minimize effects of belt joint passing over pulleys 


over the drive pulleys. The idler guides the cross-over 
strand and also takes up slack. Pulleys are screw ma- 
chine parts with pressed-in, oil impregnated, sintered bush- 
ings. Idler arms and the mounting bracket are blanked 
and formed sheet metal parts. 

The combination of the mass of the flywheel, the spring 
in the belt, the idler tension springs, and the friction in 
the system gives a critically damped mechanical filter. 
Such a system may be made to have “motion” equal to 
a fine gear drive at much lower cost and with no lubrica- 


tion troubles. 


Remainder of the drive system consists of a drive 
mandrel, Fig. 6, directly-coupled to the flywheel together 
with a spring-loaded idler mandrel which maintains the 
correct position and tension of the recording belt. The 
idler mandrel is mounted upon an arm, Fig. 7, which al- 
lows the mandrel to swing in an are toward the drive 
mandrel to permit removal of the recording belt. The 
arm pivots in an adjustable bracket mounted to the main 
frame casting by means of three screws which are tightly 
fastened in the frame. Adjustment is made by rotation of 
the serrated lock nuts shown on both sides of the adjust- 
able bracket . The nuts are adjusted until the axes of the 
idler and drive mandrels are parallel in the plan view, but 
slightly out of parallel in the elevation view. This tilt, in 
a direction such that the rounded end of the mandrel is 
slightly higher than the flange end, gives the belt a ten- 
dency to crawl toward the flange, keeping it on the man- 
drels during the course of recording. Since the mounting 
bracket is adjustable, machining tolerances on the indi- 
vidual parts of the assembly are not critical. 

Probably the most complex mechanical function of the 
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Fig. 6—Above—Construction of the drive man- 
drel which is direct-coupled to flywheel and 
carries gear for driving feed-screw gear train 


Fig. 7—Below—Idler mandrel is mounted on 
swinging bracket which can be tilted by ad- 
justing the serrated lock nuts 


machine is accomplished by the injector-ejector mechanism, which is 
located midway between drive and idler mandrels, Fig. 3. This mech- 
anism first slides the belt into place, and then releases a latch which 
allows the spring-loaded idler mandrel to swing against the belt and 
apply the proper amount of tension. The process is reversed during 
removal of the belt. This mechanism is pictured in Fig. 8 which 

shows it in both the ejected and injected 





Lock nuts 
Adjustable bracket 
| | Suspension screws 


/ | Swinging bracket 


positions. Inspection of the drawing will 
reveal two hooks, or fingers, which are re- 
tracted in the extended or ejected position 
of the assembly. The belt is slipped over 
the assembly while it is in this extended po- 
sition. Installation of the belt is then com- 
pleted by pushing against the end of the 
assembly. As this assembly slides to the 
left, the hooks rise on the cam to engage 





the belt and draw it onto the mandrels. At 











the end of its travel, the injector-ejector 








latches in place and releases the idler man- 
drel which sets the belt in tension. The 


























belt is ejected by manually operating the 
ejector lever, Fig. 8 which, swings the idler 








toward the drive mandrel where it locks 








in place and then releases the injector- 
ejector mechanism, allowing the assembly 
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Fig. 8—Above—lInjector-ejector mechanism used to slide 
recording belt into place or remove it. Injector hooks 
retract as mechanism slides belt off mandrels 


Fig. 9—Below—To permit accurate adjustment of mesh, 
the three intermediate gears between the drive and carriage 
feed-screw gears are mounted on a separate plate 





Reproducer carriage feed screw geor 





Drive mondrel gear 









\|_— Recorder corriage feed 
screw geor 














to snap outward, carrying the belt with it. 

To emboss the tone groove on the record in the form 
of a spiral groove with a pitch of 200 lines per inch, it 
is necessary to have a positive drive between the drive 
mandrel and the feed screws which advance the recording 
and reproducing carriages, Fig. 3. The 64-pitch buttress 
thread feed screws are enclosed in slotted stainless steel 
sleeves, which also serve as guide rods for the carriages. 
A spring-loaded feed nut, attached to the carriage, en- 
gages the feed screw and transmits thrust to the carriage. 
To eliminate noise transmission in the feed-screw gear train, 
use has been made of a laminated phenolic gear meshed 
with steel driving gears. These gears, for ease of adjust- 
ment, have been mounted on a plate, Fig. 9, which is in 
turn mounted on an adjustable bracket fastened to the 
frame casting. In the design of the carriages, use was made 
of extruded bar stock for the carriage bodies. Remainder 
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of the carriage parts are fabricated from sheet metal. 

The recorder, Fig. 10, which must vibrate a sapphire 
stylus up to 4000 times a second, is a precision instru- 
ment built up from sheet-metal parts by the use of pre- 
cision welding and machining fixtures. This assembly, com- 
plete with its permanent magnet which is a cast cylinder 
with cored mounting hole, is pictured in Fig. 11. The only 
machining operation on the magnet is a grind to length. 
Parts designated as A and B are brass, brazed in place. 
After this operation the entire assembly, less magnet, is 
annealed. 

To obtain a uniform product it is essential that the po- 
sition and dimension of slots C be held to a high degree 
of accuracy. In order to secure such accuracy, the slotting 
operation and all drilling and tapping operations are per- 
formed in jigs. The entire assembly is plated upon com- 
pletion of the machining operations and area D receives 
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a coil, cemented in place. Completing the unit are the 
armature, which is coined from soft iron; a blanked beryl- 
lium-copper flat spring; and several straps formed from 
sheet brass. 

In addition to the mechanical units discussed in the 
foregoing, this machine includes a reproducing amplifier, a 
recording amplifier complete with automatic volume con- 
trol and a set of remote signal lights. 


Fig. 10—Below—Recording head is precision instrument 
built-up of sheet metal parts. Sapphire stylus is used 





Fig. 11—Below—Assembly drawing of recorder head 
Parts A and Bare brass, brazed in place. Area designated 


D receives a coil which is cemented in place 
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How Fury of Bikini Blasts Will Be Measured 


HEN the two atomic bombs are set off near Bikini 

Atoll, the fury of air and water in the shockwave 
and blast following the explosions will be measured with 
intricate equipment capable of recording pressures far 
greater than those that occurred a half-mile from the 
Nagasaki explosion. According to the builders of some of 
the equipment, Westinghouse Research Laboratories, the 
devices will be placed on unmanned target ships and will 
transmit automatically by frequency-modulation radio 
their information to receivers on mother ships. 

In the first test, recordings will be made of the air pres- 
sure exerted on two target ships by explosion of an atomic 
bomb dropped from the air and timed to explode several 
hundred feet above the surface. The second test will be 
made during the explosion of the second atomic bomb on 
the water’s surface and will measure the pressure created 
at six positions around a target ship. 

Complicating the transmission and recording of the 
water pressure data is the fact that great fluctuations in 
intensity are anticipated, and equipment had to be de- 
vised to record significant changes that are expected to 
occur in as little as one fifty-thousandth of a second. 

In the air pressure test, similarly significant changes 
probably will occur much more slowly—or in approxi- 
mately one two-hundredth of a second. Thirty-six gages 
will transmit air pressure data from 18 positions on each 
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of two target ships over radio channels. Electrical im- 
pulses from each of the 18 gages on a radio channel will 
be examined by an electronic commutator every few mil- 
lionths of a second and transmitted successively from each 
gage to two receivers on the mother ship. A brass bellows 
in each gage will stretch a resistance strain gage when 
compressed by the blast of air and this strain gage in turn 
will frequency-modulate a radio transmitter by means of 
a reactance tube. 

For the second test, six tiny tournaline crystals sealed 
at the ends of rubber cables will send electrical impulses 
over six separate radio transmitters in a target ship. The 
cables themselves will run through the ship’s hull into the 
sea. When the water pressure from the bomb squeezes 
the crystals, they will produce electrical impulses. 

Because sound travels three to four times as fast in 
water as it does in air, the impulses will be correspond- 
ingly more rapid and transmitters and receivers must be 
exceedingly precise. Three cathode-ray tubes—an ad- 
vanced model of those used in television receiver sets— 
will pick up and amplify the “picture” made on their 
fluorescent screens by the impulses. To photograph these 
curves, two high-speed cameras are installed in the re- 
corder. Changes that occur in a fifty-thousandth of a sec- 
ond are photographed by the cameras, which use up film 
at the rate of 40 feet a second. 
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(CU YCLOIDAL propellers installed on the Navy 
LMS 458, shown below give this ship extreme 


maneuverability without regard to its speed. Under- 
water installation of these propellers, originally de- 
signed by Professor Frederick K. Kirsten in 1921, 
are shown in the photograph at right. In Austria, 
this form of propulsion was used 
as early as 1928, but it was not 
till 1945 that the U. S. Army and 
Navy decided to equip a ship in 
this manner. 

Having an orbit diameter of 7 
feet, each propeller is equipped 
with six hollow-cast blades of 
manganese bronze. A rotor which 
carries the blades is driven 
through a spiral bevel gear. Di- 
rect-connected to the engine shaft 
by a flexible coupling, the pinion 
shaft consists of an inner pinion 
integral with ihe shaft and an 
outer pinion keyed to the shatt. 
These two pinions drive two spiral 
bevel ring gears mounted on a 
common spider which in turn is 
keyed to and drives the rotor 
shaft. The gear system is so de- 
signed that the pinion shaft is 
mounted on roller bearings and 
is free to float endwise. Spiral 
angle of the gears is cut opposite 
and of the proper relation to pro- 
portion the gear loads correctly 
and balance the pinion thrust. 

Blade mechanism has a central 
control shaft which mounts the sun 
gear in the rotor and is normally 
Stationary except when used for 
steering. Three idler gears mesh 
with the sun gear, and each idler 
meshes with two blade gears. As 
the rotor turns, the blades re- 
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volve around their own axes at one-half the rotor 
speed, the ratio between the blade gears and the 
sun gear being 2:1. Rotative motion of the blades is 
controlled so that each blade produces a useful 
thrust during practically its entire revolution on its 
orbit. In this unusual system of ship propulsion all 











bearings and gears in the transmission are force feed lubri- 
cated. The oil is circulated through strainers, heater and coolers 
by external shaft driven pumps with electrical standby units. 
Double blade seals are constantly under oil pressure even 
when the propeller is stationary. A constant head is maintained 
in excess of the external water pressure to insure no leakage 
of water into the propeller. The main shaft seal consists of three 
parts. Water is circulated be- 
tween the two lower units for 
lubrication, and oil pressure is 
maintained between the two up- 
per units. BE 

Steering is accomplished in the 
propeller by the control shaft 
which, when turned by a worm 
and worm gear on the top, shifts 
the axis of symmetry of the pro- 
peller. In this way, all blades may 
direct their thrust to effect steer- 
ing. The ship does not depend 
upon motion for maneuvering 
whereas, a screw driven ship, 
depends upon sufficient speed 
for rudder effectiveness. Propeller 
controls are fully pneumatic and 
are combined with pneumatic 
engine controls in the same stand, 
shown above. This control is lo- 
cated on the bridge. For emer- 
gency operation there is a dupli- 
cate stand in the propeller room. 





In seam welding of rounds, 
squares and other shapes of tubes and 
tanks it has been customary to clamp the 
work in a fixture and move the welding 
head across the seam. To obviate opera- 
tions such as breaking the weld, unclamp- 
ing the finished work and clamping the 
new piece, the welding machine shown 
below employs a stationary head with 
the work moving under the head in qa 
continuous stream. Designed by the Vic- 
tory Engineering & Machine Works Inc, 
the machine requires only an operator to 
place the pieces on the feed end and 
another to remove the finished pieces at 
the discharge end. Production runs 
average 60 to 150 inches per minute. 

Utilizing a chain type drive, practically 
a continuous line contact is made with 
the work. This allows short lengths to be 
run consecutively, as well as long ones. 
Gripping of the line contact is firm but 
does not leave marks of the fluted drive 
rolls on the workpiece. 
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To compare the efficiency of the Sturdy, lightweight suspension for tandem axles on high- 
cycloidal propeller with a screw way trailers, increasing load carrying capacities while at the same 
propeller is difficult. Under certain time reducing the weight and complexity of the running gear, is shown 
conditions, however, the cycloidal at top of next page. Developed by R. W. Pointer of Feather Ride Corp.. 
unit is superior to the screw. Vi- the suspension utilizes novel linkages, coil springs and snubbers to 
bration problems inherent in provide load carrying capacities up to 200,000 pounds. Features in- 
screw propeller designs are not clude underload springs, elimination of axle kick-up on fast stops, n° 
present because the blades of the need for lubrication, automatic axle-trailing to reduce tire scuffing 
cycloidal propeller do not ap- on curves, and a load indicator. 
proach and recede from the hull. Nested in the high-load carrying springs are cups containing inter- 


106 





Macuine Desicn—July, 1946 














with 


Vic- 
Inc., 
rT to 
ond 
S at 
uns 


ally 
vith 
be 
1es. 
but 


rive 

















mediate springs so that when the trailer is traveling light 
or unloaded it will have a cushioned ride. This unit is 
shown in the above cutaway view. Between the main 
springs is a snubbing device to interrupt the rhythm of 
the springs. Three metal shoes in the snubber slide up 
and down inside a tapered cylinder. Upon impact from 
road shock these shoes expand against the sides of the 
tapered cylinder by means of a wedge action. After thus 
resisting motion, they return to normal position by an 
inner coil spring and are ready to act again. This fre- 
quency snubber is self-lubricating, requires no attention, 
and is designed for a half million miles of service before 
requiring replacement. 

Designed for small deflections the system affords stabil- 
ity, minimum side sway and exceptional control of the 
vehicle. Travel allowance of the main coil spring is only 
two inches. At rated capacity of 17,000 pounds per axle 
the springs are designed to deflect only 40 per cent or 
0.8-inch. As illustrated, the load is suspended in front of 
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the axle center. Upon application of the brakes 
each axle twists the linkage in a rotary motion, 
exerting a definite effort to pull downward at 
point of attachment to the frame. The greater 
the speed or load, the greater is the downward 
pull exerted. Completely rubber bushed, these 
mountings allow the axles to give sideways 
under the frame, conforming to the radius of 
curves. 

Suspension is hundreds of pounds lighter 
than conventional designs. Main coil spring 
itself weighs only 15 pounds. Elimination of 
leaf-spring accessories like multiple shackles, 
shackle pins, spring clips, tie-bolts, U-bolts, 
radius rods, torque arms, compression bars, 
etc., also contribute to saving of weight and 
increasing of payload. 


Automatic inspection of bottled bever- 
ages has long been a major concern of the 
beverage industry. Foolproof inspection, how- 
ever, is far from a simple task even with the aid 
of phototubes. Electronic, optical and mechan- 
ical engineering features must be skillfully co- 
ordinated to provide a dependable design. 

Shown at top of next page is an inspection 
machine developed by RCA for the Coca-Cola 
company which has been proved by four years 
of field testing in bottling plants. Lamp and 
lens system sends a strong, narrow beam of 
light through the length of the bottle into a 
bank of phototubes. In the photograph the nar- 
row aperture for admitting the light to the 
bottles may be seen behind each bottle on the 
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turntable. In the foreground to 
the right is seen the housing en- 
closing the bank of phototubes. 
A schematic diagram of the elec- 
tronic inspection system for this 
machine is illustrated above. 

These tubes and the associated 
electronic amplifier are so de- 
signed that a minute change in 
transmitted light falling on the 
tubes results in a strong electric 
current to the selector mechanism. 
To detect a foreign particle in the 
beverage the particle must be 
made to move through the light 
beam. To accomplish this, the 
bottle is first spun at a high rate 
so that the contents spin with the 
bottle. Then the bottle is quickly 
braked, leaving the contents to 
whirl during the inspection period. 
Lettering and imperfections in the 
glass bottle do not cause changes 
in the light and therefore have no 
effect on the operation of the 
selector mechanism. 
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Fuel injection systems on small aircraft en- 
gines have design advantages in addition to elimi- 
nating domger of carburetor icing and providing 
even distribution of fuel to all cylinders. Flat in. 
jector engines allow for better concealed wing and 
hull installations, obviating duct work normally re- 
quired to provide carburetor heat. 

Novel features of a compact injection pump are 
shown schematically in the system diagram below. 
Designed by Ex-Cell-O Corp., the pump consists of 
a supply pump, a fuel-metering valve, and a pump- 
ing and distributing plunger. Driven through gears 
at one-half crankshaft speed on a 4-cycle engine, 
the plunger operates in a steel sleeve and is sup- 
ported on a roller which rests against a cam face 
on the upper side of the gear. The number of lobes 
or lifts on the cam corresponds to the number of 
cylinders; these give a plunger stroke of approxi- 
mately 0.05-inch. The metering valve is linked to 
the air throttle lever on the air-intake manifold. Both 
are calibrated to provide the exact fuel-air ratio 
required and both operate in response to the throttle- 
control lever. Fuel enters the supply pump and is 
metered to the plunger through inlet ports that come 
into registry with the feed duct on the suction stroke. 
On the downward or discharge stroke, a discharge 
port in the plunger registers with an outlet port in 
the sleeve and the fuel passes on under pressure 
through a discharge line to an atomizing nozzle. 
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Fig. 1—Upper chain, lubricated 
with petroleum oil, rusted badly 
under test in 6 weeks. Lower 
chain, lubricated with silicone 
oil, shows no rust after 21 weeks 


By T. A. Kauppi 
and W. W. Pedersen 


Dow Corning Corp. 
Midland, Mich. 


Oils and Greases 


Silicone fluids offer possible solutions to lubrication problems involving heat 

stability, oxidation resistance, nonvolatility and low change of viscosity with 

change in temperature. One silicone grease promises complete stability 
for permanent lubrication of ball bearings 


ties which go a long way toward eliminating prob- 

lems which for many years have plagued the lubri- 
cation engineer. For example, thinning at high tempera- 
tures and thickening at low temperatures—effects cus- 
tomarily encountered with conventional lubricants—are 
greatly minimized in silicone fluids. The viscosity-tem- 
perature slopes of a family of silicone fluids are compared 
in Fig. 2 with some typical petroleum oils. As will be 
seen, if a silicone fluid and a petroleum oil of high “vis- 
cosity index” both have a viscosity of 50 centistokes at 100 
F, then at zero F the petroleum oil will have six times the 


Stes wit lubricants possess combinations of proper- 





From papers presented before the Fuels and Lubricants section of the 
Society of Automotive Engineers at the March 15 ‘meeting of the 
erican Society of Lubrication Engineers in New York. 
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viscosity of the silicone fluid. 

Many lubrication problems involve a rather delicate bal- 
ance between obtaining an oil with low enough viscosity 
and one with sufficiently low volatility. For example, a 
kerosene with no tendency to evaporate would be highly 
desirable in some applications. While silicone fluids do 
not quite meet this specification, it is possible to obtain 
nonvolatile silicone fluids in the viscosity range of 3 to 10 
centistokes. 

Low temperatures such as are encountered in aircraft 
applications often force a compromise between pour point 
and volatility or between pour point and viscosity. That 
is, a petroleum oil of low enough volatility and high enough 
viscosity for a given application may have much too high 
a pour point. The Dow Corning 200 silicone fluids, 
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Fig. 2—Viscosity-temp- 
erature slopes of two 
types of silicone fluids 
and two types of petrol- 
eum oils graphically 
show the superior sta- 
bility of silicone fluids 
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which are nonvolatile and can be obtained at viscosities of 
1000 centistokes and higher, all have pour points below 
—50 F. 

Utility of properties such as heat stability, nonvolatility 
and oxidation resistance is illustrated in Fig. 1. The chain 
pictured was subjected alternately to high temperature 
(350 F) and high humidity in a carefully controlled test 
setup. After six weeks of operation, the length of chain 
lubricated with petroleum oil was rusted so badly that the 


Pressure 


CML ML 








rollers would no longer turn, largely because the high tem- 
perature condition had oxidized and evaporated the pe- 
troleum oil. The chain treated with silicone fluid 
(DC 710 R) was still in excellent condition after 21 
weeks. It showed very little rusting and still had a pro- 
tective film of the silicone lubricant. 


LuBRICATING PROPERTIES OF SILICONE FLumps: One of 
the first experiments conducted to determine the lubricat- 
ing properties of silicone fluids involved pumping the 


Fig. 3—Diagrammatic 
drawing of lubricant 
testing device for 
measuring wear be- 
tween sliding surfaces 
over a range of low 
operating pressures 
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fluids with a small gear pump at various outlet pressures. 
The pump was operated at approximately normal rated 
speed. An initial test on an SAE 10 motor oil showed that 
no appreciable wear occurred during 10 days of operation 
at outlet pressures ranging up to 100 psi. A run made 
with DC 200 silicone fluid of comparable viscosity pro- 
duced extreme wear, as indicated by suspended particles 
of steel in the fluid, within ene hour of operation at 25 
psi outlet pressure. The wear had occurred mostly in the 
steel bushings supporting the gears and between the gears 
and the steel sideplates; apparently very little wear had 
occurred between the gears themselves. 

From this and similar experiences with other types of 
equipment it became apparent that the DC 200 fluids do 
not have the lubricating properties of an ordinary petro- 


TABLE I 


Wear Tests on Metal Combinations 
2-hour test, 1500-gram load 


(wear expressed in 0.0001-gram) 





Hardened Steel I ubri t 

Ball Against SAE20 DC 200 DC 550 DC 710 
ER serge eS NG, oe ile 4 180 40 3 
ESO ee 65 250 430 800 
SEY. 20-5, Sins wa. a9 0s 10 40 45 4 
Soft Steel er ad cg 0 750 330 0 
Hardened Spring Steel ..... 2 4 8 8 


leum oil. They have no extreme-pressure lubricating 
properties and actually begin to fail at unit pressures con- 
siderably lower than those normally accepted as the be- 
ginning of the extreme pressure range. 

Wear Tests: In conducting tests of wear between 
variously lubricated sliding surfaces over a range of rather 
low pressures, the unit shown diagrammatically in Fig. 3, 
was used. It merely slides a %4-inch metal ball over a flat 
metal strip. The ball is held rigidly in a chuck which can 
be loaded vertically in the range of 500 to 4000 grams 


TABLE II 


Percentage of Weight Lost 
After 40 Hours Exposure at 175 C (347 F) 


High-Temperature Petroleum Greases Dow Corning Silicone Greases 
A B Cc DC 33 DC 4} DC 44 
58.3 . 89.3 84.8 4.6 4.2 8.8 


Note: After 40 hours exposure at 175 C, a crust had formed over the 
of the three petroleum greases. The silicone greases were still 
soft and serviceable. 


and has a horizontal reciprocating motion. Amplitude of 
the oscillation is 2% inches, and the speed is 72 complete 
oscillations per minute. The flat metal strip is held sta- 
tionary in a pan which contains the oil to be tested and 
the usual method of evaluation is to weigh the test strip 
before and after a 2-hour run. The loss in weight of the 
test strip, or in some cases the depth of the groove worn in 
the strip, is the measure of lubrication efficiency. Results 
obtained with a hardened steel ball in the chuck and a 
strip of shim brass as the wearing surface are shown in 
Fig. 4. After two hours the weight loss of the brass strip 
was plotted against the load applied to the steel ball. It 
is apparent that the wear which occurred with DC 200 
silicone fluid is greater than with the SAE 10 motor oil. 
Similarly, Fig. 5 shows the effect of running time of the 
tester on weight loss of the brass strip. 
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Subsequent tests showed that variations in the chemical 
composition of the silicone fluids had a great effect on 
lubricating properties, and several new types of fluids were 
developed. Wear tests results on one of the newer silicone 
fluids are also shown in Figs. 4 and 5. In Fig. 4, DC 710 
shows less wear up to 2000 grams load than SAE 10 pe- 
troleum oil, but about twice as much wear at 3000 grams 
load. As is shown in Fig. 5, at 1500 grams load, DC 710 
produces considerably less wear than the petroleum oil at 
all running times up to 16 hours. The tentative conclu- 
sion to be drawn from these results is the DC 710 is bet- 
ter than petroleum oil for steel-to-brass lubrication at mod- 
erate loads, but is less effective than petroleum oil at loads 
approaching the extreme-pressure range. 

Wear ON Various METAts: Results obtained with a 
hardened steel ball sliding on various metal surfaces are 
shown in TasLE J. It is apparent that aluminum has the 
greatest tendency to wear under these conditions, and 
spring steel the least. DC 710 is a definite improvement 
over DC 200, and appears equivalent to SAE 20 except 


iS 
5 
S 
Ss 
a 
& 


Weor . (( 





Fig. 4—Wear in terms of weight lost in two hours by a 

brass strip against which a hardened steel ball, lubricated 

with SAE 10 petroleum oil and two silicone fluids, is 
rubbed at a constant rate under various loads 


in the case of aluminum. It should be noted that test 
values below 5 are all equivalent, since this is the order of 
accuracy of the test procedure. 

It is interesting to note the relative behavior of DC 200 
with soft steel and spring steel, and to compare this with 
results obtained on the pumping test. It will be recalled 
that the gear pump cited previously had soft steel sleeve 
bearings supporting the gears and soft steel side plates 
and, while excessive wear occurred on these parts, almost 
no wear was found on the gears themselves. Another test, 
using a rotary vane-type pump, has been operating with 
DC 200 with excellent results. In this case, the steel 
parts are hardened, and the side plates are bronze. The 
pump has been running for over 2000 hours at 1000 psi 
pressure, and with the silicone fluid held at a temperature 
of 90 C. To date, wear has been negligible. 

It will be seen that considerable differences in lubricat- 
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ing ability exist between the various silicone fluids and 
that at least some of them are suitable for a range of lubri- 
cation applications. Even the DC 710 fluid, however, is 
not an extreme-pressure lubricant. 

SILICONE LuBRICATING GREASE: Most discussions of 
the properties required in an oil for making a lubricant of 


TABLE III 
Specifications of Some Silicone Greases 

Pro and ——_———Type of Gre 
Specitication Test DC 33 DC 41 DC 44 
Penetrometer (worked ase) 
(ASTM No. D 217-44T) ......... 280-330 295-305 240-260 
Flash Point 
(ASTM No. D 92-83) ........... 525 F 535 F 550 F 
Prepping Point 
(ASTM No. D 566-42) 

ee 890 F 890 F 890 F 
Bleeding 
(ANG-S3A Specification) 

16 hrs at 110 C, less than ...... 2% 4% 2% 


grease-like consistency emphasize exactly those properties 
for which the silicone fluids are outstanding. Some of 
these properties are: (a) Low change of viscosity with 
temperature, (b) low volatility, (c) resistance to oxida- 
tion, (d) stability at high temperatures, and (e) low 


Fig. 5—Below—Wear in terms of weight lost by a brass 

strip against which a hardened steel ball, lubricated with 

SAE 10 petroleum oil and two silicone fluids, is rubbed 

at a constant rate and under a constant 1500-gram load 
for various periods of time 
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freezing point. When all of the above properties are 
available in a single fluid, it becomes unnecessary to make 
compromises in the properties of the final grease. 

The problem of making a good silicone grease for bear- 
ing lubrication was complicated by two factors. First, 
any thickening agent used should have about the same 
order of heat stability as the silicone fluids. Second, most 
of the metallic soaps proved to be insoluble in silicone 
fluids. However, the problem was solved finally by two 
different methods and at the present time two types of 
silicone lubricating greases are being made. One, DC 41, 
is designed for bearings operating at temperatures up to 
200 C and at speeds which are relatively low. The other 
is produced in two formulations, DC 33 and DC 44. DC 33 
is designed for high-speed bearings operating at very low 
temperatures but it also has good lubricating life at ele- 
vated temperatures. DC 44 is for bearings operating at 
elevated temperatures and at speeds up to 10,000 rpm. 

An indication of the low volatility of these silicone 
greases is afforded by the data listed in Taste II. Their 
specifications are given in TABLE III. 


SILICONE GREASE DC 41: In this grease, a finely di- 
vided carbon black is used as the thickening agent for a 
silicone fluid of good lubricity. In one series of tests, six 
No. 212 ball bearings were mounted on a shaft in an en- 
closure which could be heated to any desired temperature 
(see Fig. 6). Each bearing was spring-loaded with 150- 
Ib radial load and the shaft rotated at 1750 rpm by a 1 
hp motor. Failure of the bearings was determined by: 


1. Decrease in the time required for the rotating shaft 
to coast to a stop when the motor was shut off 


2. Observation of any abnormal temperature rise of an 
individual bearing by means of a thermocouple placed 
in each bearing housing 

3. Observation of any sudden increase in power required 
to drive the test set as indicated on a watt meter. 


This test set was first used to evaluate the life of DC 41 
grease at 150 C (302 F) and an average bearing life of 
about 1300 hours was established. At 125 C (257 F) 
bearing life was 6000 hours. These figures are about eight 
times the values that were observed with the best petro- 
leum greases. 

DC 41 will function as a grease at temperatures of 200 
C and above, and in some specialized applications, such 


Fig. 6—Left—In test 
device shown at center, 
six ball bearings are 
mounted on a shaft and 
spring-loaded radially. 
Shaft and bearings are 
enclosed in oven which 
can be heated electric- 
ally as desired. Tech- 
nician is checking 
coasting time on single- 
bearing tester 
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Fig. 7 — Right — Sili- 
cone-insulated induc- 
tion motor is belt- 
connected to generator 
and loaded so that 
bearings operate at 
temperatures up to 150 
C in testing various 
silicone greases 





Fig. 8—Grease tester consists of two standard No. 204 

bearings mounted in electrically heated cast-iron blocks. 

Bearings support shaft which is belt-driven at 10,000 rpm. 

Changes in torque are measured by temperature rise of 

bearings and changes in hot and cold coasting time are 
used as indications of bearing failure 


as in the pumping of very hot liquids or in bearings which 
must be located in high-temperature ovens, DC 41 has 
definite value. Bearings with bronze retainers will give 
several times the life obtainable with ordinary bearings. 


SILICONE GREASE DC 44: This is a silicone fluid thick- 
ened with heat stable metallic soaps. It has been tested 
quite extensively at both 1750 and 10,000 rpm and at 
bearing temperatures between 115 C (239 F) and 200 C 
(392 F). Three different types of tests were made, name- 
ly: (1) Single-bearing 1750-rpm tester, (2) bearings in 
1750 rpm electric motors and (3) 10,000-rpm tester. 

Single-bearing 1750-RPM Tester: A No. 212 bearing 
with a bronze retainer ring was operated in an electrically 
heated cast iron housing (see Fig. 6). Grease failure was 
determined by measuring both hot and cold coasting times 
and by observation of the appearance of the grease at in- 
tervals. As is shown in TaBLE IV grease failure occurred 
after 2600 hours at 150 C, or after 450 hours at 200 C. 


Bearings in 1750-RPM Electric Motors: Bearing tem- 
peratures were produced by actually loading the motor to 
the desired extent with a belt-driven generator. This test 
set-up is shown in Fig. 7. Column II in Taste IV shows 
that the two tests, at 115 C and 125 C were still in op- 
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eration after 3500 and 2500 hours. Motor coasting times, 
which were taken with the bearings both hot and cold, 
and the bearing temperature rise, obtained with the motor 
operating under no load, indicated that little if any change 
occurred in the bearings or in the DC 44 grease. 

Bearings in 10,000-RPM Tester: Shown in Fig. 8, this 
tester consists of two standard No. 204 bearings mounted 
in electrically heated cast iron blocks. The bearings sup- 
port a shaft which is belt-driven at 10,000 rpm. Changes 


TABLE IV 
Life Test on DC 44 Grease 

Test Method and Lubrication Life in Hours 
Bearing Temperature 1750-rpm 1750-rpm 10,000-rpm 
(C) (F) Tester Electric Motor Tester 
115 239 re 3500 
125 257 ; 2500 2800 
150 302 2600 Rtg F 2200 
200 392 450 


in torque are measured by temperature rise of the bearings 
and changes in hot or cold coasting time are used as indi- 
cations of bearing failure. As shown in TaBLe IV failure 
was obtained after 2200 hours at 150 C, while another 
bearing was still operating after 2800 hours at 125 C. Sev- 
eral high-temperature petroleum greases have been tried 
in this tester and failure has occurred in the range of 50 
to 200 hours. 

These results indicate that DC 44 has about ten times 
the life of a good petroleum grease at high temperature 
and high speed and show that, in bearings with steel retain- 
ers, DC 44 has as long a service life as it has in bronze 
retainers. 

SiLIcoNE GreEASE DC 33: Even with silicone fluids as 
grease vehicles, it has not yet been possible to make a 
grease that has the extreme high temperature perform- 
ance of DC 44 and an extremely low freezing point. DC 
44 will operate well at a temperature of —40 F, but be- 
gins to get stiffer at —50 F. Some applications, mostly 
military, require performance at even lower temperatures, 
and this can be obtained with DC 33. 

DC 83 is a soap-type grease similar to DC 44, but be- 
gins to get stiff at temperatures in the order of —70 to 
—80 F. Bearing tests have shown that its life at high tem- 
perature is about half that of DC 44, so. that it is still four 
to five times as heat-stable as the best organic high-tem- 
perature greases. 
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By John Delmonte 
Technical Director 
Plastics Industries Technical Institute 


PLASTICS 


in Electrical Applications 


Fig. 1—Left—Molded phenolic po- 
tentiometer case supports nichrome 
resistance wire and serves as 
mounting for the terminal screws 


Fig. 2—Below—Insulating this mo- 

tor with silicone insulation per- 

mitted higher operating tempera- 
ture, thus greater power output 


Factors influencing selection . . . key electrical proper- 
ties of plastics materials commonly employed... 


SEFULNESS OF PLASTICS in the electrical field 
is due to the fact that few materials, if any, are their 
equal in both mechanical strength and dielectric 

properties. Then too, while glass, paper, wood, ceramic 
products, and textiles also have good electrical insulating 
properties, plastics can be molded or fabricated more 
readily into intricate shapes. 

There is no single plastics material that is pre-eminent 
in all electrical properties and, in the development of 
electrical designs embodying plastics, it is necessary to 
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analyze the different properties required and select the 
right plastics material for the function to be fulfilled. Pre- 
sumably the designer could consult various tabular data 
and make a choice of the correct material. However, it 
usually is desirable to supplement this choice by an exam- 
ination of the influence of manufacturing procedures and — 
environmental effects upon the properties involved. 

A general summary of some of the major electrical 
applications of organic plastics, together with the forms 
in which they are used is presented in TaBLE I. The nt 
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merous significant electrical applications of plastics, cited 
in the table illustrate the versatility of the materials and 
also indicate the wide choice of materials available. The 
list is not complete, although it does record many note- 
worthy accomplishments. It will be observed that thermo- 
setting molded plastics predominate in many applications. 


This is to be expected because high-temperature opera- - 


tion accompanies many electrical applications. Illustrative 
of this point is the manufacture of the molded phenolic po- 
tentiometer case, Fig. 1. This case serves as a support for a 
nichrome resistance wire, as well as a mounting for the 
terminal screws. A brass insert, molded integrally into 
the base, guides the drive shaft which contacts the tops 
of the nichrome resistance wire elements. Temperatures 
cznnot go too high however (preferably within 250 F 
for wood-flour-filled phenolic), although asbestos-base 
molded phenolics may be operated to 300-350 F. There 
would be not only mechanical deterioration of the material 
if the temperature limits were exceeded for too long a 
period of time, but also a large reduction in insulating 
strength and a correspondingly higher leakage current 
and power loss in the material. 

Where very high temperature operation is required, 
the silicone plastics materials are exceptionally well suited. 
Still too costly for general use, they have, nevertheless, 
demonstrated operating-temperature limits far in excess 
of the more conventional insulating materials. In terms 
of motor performance this has meant a much greater out- 
put for a given motor size, because higher operating- 
temperature limits have been permissible. A silicone-in- 
sulated motor stator is shown in Fig. 2. 

Electrical properties of most direct concern to the de- 
signer of machines are: Dielectric strength, dielectric con- 


Fig. 3—Below—Molded of low-loss phenolic, these crystal 
holder parts have molded-in metal pins which are sealed 
air and water-tight at pressure of 30 psi 


stant, power factor, insulation resistance, and arc resist- 
ance. 


DireELEcTRIC STRENGTH: Ability to withstand high volt- 
age peaks is characteristic of most plastics materials. From 
200 volts per mil to 1000 volts per mil, little or no problem 
is occasioned in the better known materials. While operat- 
ing voltages usually are safely within the scope of the 
plastic used, the most severe voltage conditions which 
may be encountered occur during the proof testing of 
electrical machines, where agencies such as the Fire 
Underwriters’ Laboratories may apply 1000 plus twice the 
operating voltage to the apparatus. 

Among the phenolic materials, asbestos-base laminates 
or asbestos-filled phenolics may offer the least dielectric 
strength; in some instances as low as 50 volts per mil. 
The general-purpose types are more satisfactory. At the 
other end of the scale, thin insulating foils of plastics 
increase in their dielectric strength quite sharply as they 
become thinner; peak values for most materials occurring 
in thicknesses between one and two mils. Dielectric 
strengths of 2000 to 3000 volts per mil are typical values 
for foils of ethylcellulose, cellulose acetate, polystyrene, 
and polyethylene. 

Higher operating temperatures do not produce a marked 
fall-off in dielectric strength. There is some decrease, 
but not enough to cause concern. Other values, such 
as insulation resistance may change much more sharply. 
Low dielectric strength may however, be an indication of 
a poorly molded article. Pronounced weld marks or flow 
marks in the material may constitute thin air gaps, which 
have low dielectric strength. The designer should con- 
sult with the molder and, if a high voltage stress is present 
in the final assembly, indicate this feature so that when 
the mold is designed the possibility of weld marks de- 
veloping in a region of high voltage stress can be obviated. 
Weld marks or flow marks and their seriousness are not 
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TABLE I 





General Summary—Electrical Applications of Plastics 





Typical Applications 


Materials Used 


| 
| Forms of Material 





Thin foils for insulating 
purposes, as for motor 
or relay windings, or 
in condenser manu- 
facture 


Fthvicellulose 
Cellulose acetate 
Polyethylene 
Polystyrene 


Foils 1 to 10 mils thick 
in various widths 





Electrical wire insula- 
tion 





Impregnants for motor 
windings 


Polyvinyl chloride 
Polyvinyl formal 


Extruded coating or 
sleeving. Dip coating, 
thin insulation 





Phenolic varnishes 
Silicone resins 
Asphaltic-base varnish 


Liquid impregnants for 
penetrating windings, 
baked and dried in 
situ 





Motor housings 





Radio cabinets 


Molded phenolic and 
urea resins 


High impact-resistant 
materials preferr 





Molded phenolic and 
urea_ resins. Cast 
resins and injection- 
molded cellulose de- 
rivatives 


Attractive color assort- 

ment available’ in 
many standard ma- 
terials 





Insulating bushings 
and terminal blocks 
for high - frequency 
operation 





Flat insulating washers 
or terminal strips 


Low-loss phenolics, 
polystyrene and poly- 
ethylene 


Molded and __ sheet 
forms 








Electrical conduit or 
tubing 


Laminated phenolics, 
sheets and tubes 


Grades of material 
suitable for stamping 








Ignition distributor 
housings 


Cellulose acetate-buty- 
rate, ethylcellulose 


Fxtruded tubings are 
held to close dimen- 
sions 








Housings for radar on 
aircraft 


Melamine and vrea for- 
maldehyde resins 


Molded parts, usually 
with electrical termi- 
nals molded into the 
body 








Storage battery cases 


Polvester resins with 
glass cloth base 


Developed into com- 
pound curves by low- 
pressure laminating 





Hard rubber and as- 
phaltic-base compo- 
sitions 


Thick - wall molded 
parts designed to 
withstand battery 
acids 





Connecting plugs and 
receptacles 





Insulation in vicinity 
of electric arcs. Switch 
parts 


Molded phenolics and 
bitumen - base ma- 
terials 


Bitumen-base parts are 
for high temperatures 





Shellac, vulcanized 
fiber, porcelain 


Molded or built-up 
strips 





Control knobs for mis- 
cellaneous apparatus 


Phenolic, urea, or ther- 
moplastics 


Colors preferred for 
identification purposes 








Basing cements for 
lamps 


Phenolics, ceramics 


Phenolic resin adhe- 
sives 





Commutator devices 


Arc-resistant ureas, 
melamines, vulcanized 
ber 


Molded parts’ with 
metal strips as con- 
tact elements 





Welding electrode sup- 
ports 








Heat-resistant and 
Som ouns pheno- 
ics 





Molded with suitable 
hand grips 
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Fig. 4—Left—Molded melamine 

plastic aircraft distributor head 

(left) and finger (right) have high 

arc resistance; permit high service- 
ceiling operation 





Fig. 5—Below—Windings of this 

small armature are encased in 

transfer-molded phenolic plastics, 

thus eliminating expensive dip- 

ping and baking of an impregnat- 
ing coating 





always apparent to the naked eye. Their presence can 
be detected when the molded part is subject to a proof- 
test voltage. By control of gating or the inclusion of reser- 
voirs to catch the cold flow of material in a mold, the 
molder can minimize this condition if given complete 
information by the designer. 

DrELEctTrRIC ConsTANT: Of course the machine designer 
refers to the dielectric constant of the material only when 
the material is to be used: in electrical applications. From 
low values of dielectric constant, such as 2.0 for nonpolar 
materials such as polystyrene, to higher values of dielectric 
constant, such as 8.0 for the mineral-filled phenolics, the 
properties of plastics vary. 

Power Factor: One of the most important qualities 
of organic plastics materials is power factor, which is equal 
to a ratio of the power loss in the material to the product 
of the voltage times the current through a capacitor 
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when the material is the dielectric. TABLE II lists the power 
factors of various plastics commonly employed. 

With an increasing number of machines being devel- 
oped for high-frequency operation it is imperative that 
closer study be given to power factor ratings of the vari- 





TABLE II 





Power Factors of Representative Plastics 





































































































——Power Factor—— Dielectric 
(per cent) Strength, 
Plastics 60 1000 1000 Short-time 
Material cycles cycles ke (volts/mil) 
| Phenol-formaldehyde, cast | 10-15 1-5 2-5 75-250 
Phenolic, molded, wood- 
flour filler 3-12 3-6 3-5 300-375 
Phenolic, molded, fabric 
filler 10-25 4-10 4-6 200-325 
Phenolic, molded, mica 
filler 1-2.5 -7-1.5 5-0.9 350-500 
Phenolic laminate, Grade X re — 2-8 400-1000 
Phenolic laminate, Grade C ark Daatte 2-8 150-600 
Urea-formaldehyde, mold- 
ed, cellulose filler 3.5-10 5-5.5 2.7-4.0 300-400 
Melamine, molded, mineral | | 
filler | 7-17 ne 41 | 390 
Hes eee ied ode 
Polymethyl methacrylate, 
sheet 5-6 9-6 2-3 500 
Polystyrene, molded | -006-.050 | .005-.050 | .01-.050 500-700 
Cellulose acetate, molded, | | 
flow: 286 F 1-6 1-6 1-10 | 250-365 
Cellulose-acetate-butyrate, | | 
flow: 286 F | a0 1-4 1-4 | 250-400 
Polyethylene, sheet | 03-05 | .03-.05 | .03-.05 | 400-475 
Polyamide, molded | 1.4-5.0 2-5 4-7 | 350-400 





ous plastics not only at room temperature, but also at 
moisture and temperature extremes. One interesting appli- 
cation of low-loss phenolic plastics is the crystal holder 
shown in Fig. 3. In designing this unit, it was necessary 
to seal the metal contacting pins in such 
a manner that air and water-tight seals 
were obtained under 30 psi. The piezo- 
electric crystals encased in this molded 
plastics assembly gave outstanding per- 
formance. 

While low power factors are desirable 
for high-frequency applications, because 
they mean’ low temperature rise in the 
material and greatest stability of circuit 
parameters, the converse is true when 
general-purpose materials are to be heat- 
ed by high-frequency means for molding 
or gluing purposes. In these instances, 
of course, high-frequency applications 
are not anticipated, and the molder or 
fabricator of plastics utilizes that quality 
of “high-loss” plastics which permit the 
molding compositions to be heated rap- 


Fig. 6—Right—Interesting electrical ma- 
chine parts are these molded plastics 
insulating sleeves, brush supports, wedge 
rings and terminal blocks which are 
used in aircraft starter motors 
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idly in the presence of a high-frequency field. In fact, 
high-frequency preheating of molding compounds has be- 
come standard practice with some molders. 

For best performance at high frequencies, materials 
such as polystyrene, polyvinyl carbozole, polydichloro- 
styrene, and polyethylene are outstanding. The designer 
specifies these materials for lead-in bushings for high- 
frequency transmission lines or antennas, brackets and 
supports for circuit elements, insulating washers or spacers 
(as in co-axial transmission cables), housings for precision 
electrical apparatus, and many accessories used in con- 
junction with radar equipment. 


From a theoretical standpoint, constancy of power 
factor over a wide range of frequencies may be expected 
of nonpolar materials such as polystyrene and polyethyl- 
ene. Others, which are polar, may be expected to change 
or vary abruptly. In all instances however, a rise in tem- 
perature is marked by an increase in power factor. This 
is particularly observable in heating plastics at extremely 
high frequencies, say on the order of 30 megacycles per 
second. Instead of a retardation of heating rate as tem- 
perature rises, the rate may accelerate somewhat due to 
faster heat generation occasioned by greater power loss 
as the temperature rises. Data on these changes are still 
meager, as reliance has been placed largely upon empirical 
observations. It is hoped that those properly equipped for 
conducting such fundamental measurements will give more 
data on changes in power factor with temperature, and 
on the influences of numerous variables of compositions. 


INSULATION RESISTANCE: The resistance a plastic ma- 
terial offers to the passage of electrical currents is termed 
insulation resistance. It generally is comprised of two 
parts: (1) Volumetric resistance, which is concerned with 
the passage of electrical currents through the material 
and which is controlled by the chemical nature of the ma- 
terial, and (2) surface insulation resistance, which bears 
a close relationship to surface phenomena. The latter 
characteristic is governed to a large extent by the designer 
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of the electrical machine in which the insulation resistance 
is significant. Probably no one other single electrical prop- 
erty of plastics materials is subject to as many variables 
as the surface insulation resistance. The following sums 
up the effects of these changes upon the performance 
of a machine. 


High Insulation Resistance Means: 
1. Very low leakage currents from “live” parts of elec- 
trical circuits, and negligible electrical shock hazards 


2. Tendency to accumulate static charges and, conse- 
quently, dust particles 


8. Stability of performance as assured by the con- 
stancy of circuit parameters. 


Low Surface-Insulation Resistance Means: 


1. Electrical shock hazard is present if the body is to 
touch the machine. Also danger of short-circuit- 
ing occurring from a terminal of one polarity to 
another 


2. If the low resistance is a permanent change it may 
indicate deterioration of the insulation 
8. Flash-over tendencies are increased. 


Low surface-insulation resistance may be brought on 
by numerous conditions such as: Changes in operating 
temperature, changes in moisture content or poor design. 


Changes in operating temperature: As the electrical 
machine temperature rises during continued operation, 





Fig. 7—Brush rocker ring, slip ring and brush holder are 
typical motor parts molded of plastics. Note the molded-in 
metal insert in the brush holder 


overall insulation resistance falls off to a marked extent. 
All tests for electrical leakage should be performed when 
the equipment has reached full operating temperature. 
For example, paper-base laminated phenolic which may 
have a volume resistivity of 10° megohm-cm at 20 C, may 
fall to 10° megohm-cm at 100 C. Plastics are not unique 
in this effect, inasmuch as inorganic insulating materials 
behave in a similar manner, with decreasing resistance at 
higher temperatures. 

Changes in Moisture Content: While the surface in- 
sulation resistance of most plastics is good under dry con- 
ditions, the values become quite low when exposed to 
damp air. Test conditions of 97 or 100 per cent relative 
humidity generally are employed to explore the behavior 
of the insulators. The absorbed moisture may either dis- 
solve salts from the material or dirt already deposited on 
the surface, thus greatly reducing the resistance. Within 
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a few hours the insulation resistance of phenolics, for ex- 
ample, will fall from say 107 megohm-cm to 10° megohm- 
cm, and even as low as 10 after several days at the high 
humidity. Under the right temperature and humidity 
conditions fungi growths may take place in the films 
formed on the surface. Materials such as fused quartz, 
which may have high resistivity when dry, have low re- 
sistivity when wetted, due to the fact that moisture forms 
a continuous film on the surface. On ceramics, however, 
the presence of a thin film of silicone-resin oil will do much 
to break up the continuity of the moisture film. Some 
materials such as cellulose-acetate-butyrate have been re- 
ported as being surprisingly good at high humidities, 
largely because the moisture breaks up into small separate 
globules, with the result that its surface insulation resist- 
ance is not greatly reduced. Polystyrene, polydichloro- 
styrene, silicone rubber, and tetrafluoroethylene are re- 
ported high up on the list with cellulose-acetate-butyrate, 
all possessing equilibrium surface resistivities of 105 to 10° 
megohm-cm after several days at high humidity. 


Design Is Important 


Poor Design: An inadequate design of an electrical 
machine may result in a rapid reduction of surface insula- 
tion resistance. This implies that spacing metal inserts or 
terminals too closely together is unwise, particularly if 
there is a small pocket in which dirt, grease, or dust can 
accumulate. One or more slots, grooves, or baffles may 
provide a practical design advantage, and greatly increase 
resistance between electrical components in a given ma- 
chine. The designer would do well to remember the 
reasons for the “skirts” on high-voltage transmission lines, 
and how these insulators effectively reduce leakage losses 
to the transmission tower. 

Arc RESISTANCE: Many plastics are unable to with- 
stand arcing without carbonization or scarring across the 
surface. How serious the damage becomes depends upon 
the intensity of the arc, and the current going through. 
The tendency to track across the surface is greatly in- 
creased at reduced pressure. In fact, only the molded 
urea or melamine plastics have been acceptable as igni- 
tion distributor housings at high altitudes in the operation 
of aircraft engines. Most phenolics have failed at the ex- 
tremely high service ceilings expected of military air- 
planes. A typical melamine distributor housing is illus- 
trated in Fig. 4. 

From a design standpoint the inclusion of vulcanized 
fiber inserts will do much to eliminate carbonization of 
phenolic parts which do not possess good arc resistance. 
In the design of electrical switches or circuit breakers, it 
is important: that every care be taken to eliminate mate- 
rials with poor arc resistance from the immediate vicinity 
of the arc formed when the circuit is opened. 

MISCELLANEOUS ELECTRICAL APPLICATIONS: There 
have been recent developments in plastics which will in- 
fluence machine designers in their applications of plastics. 
A significant one, involving a transfer molding operation, 
appears in Fig. 5. The armature windings have been 
completely encased in transfer-molded phenolic plastics, 
and the expensive operation of dipping and baking-on a0 
impregnating coating is eliminated. A procedure such as 

(Concluded on Page 172) 
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By Roger W. Bolz 





Associate Editor, Machine Design 


Part XIII-Cold Heading 


UGMENTING the other high-production proc- 
esses such as forging, die casting, stamping, 

_ ete., available for the mass production of ma- 
chine parts is cold heading. The many economies 
and advantages possible by this method of fabrica- 
tion make consideration imperative for machine parts 
which fall within its scope. 

Cold heading is an old but in many respects a 
somewhat obscure process. The first automatic cold 
header was invented, designed and built by W. E. 
Ward in 1847. However, for many years these ma- 
chines were relegated solely to the production of 
common bolts and screws and, as a consequence, 
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were and often still are called bolt headers. . Today, 
though, many types of parts produced on such ma- 
chines have little relation to bolts or screws, Fig. 1. 
In fact, many parts now cold headed can be pro- 
duced economically in no other way. Developments 
and refinements inthe process during recent years 
have been made primarily through improvements 
and quality of materials, better machines and ingeni- 
ous die design. 

Differing from ordinary forging in that the metal 
—actually a wire—is upset by dies moving along its 
axis much as in hot upsetting rather than normal to 
it, cold heading is desirable whenever pragtical since 
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the expense of heating and subsequent scal- 
ing is eliminated. In addition, a particular 
advantage lies in the fact that, owing to 
the change in grain structure produced by 
the cold working, parts have a greater factor 
of strength over those of similar dimensions 
which have been turned, milled, or other- 
wise machined. All factors being equal, 
when headed and machined parts which 
have the same tensile strength are com- 
pared, the cold-worked part is found to pos- 
sess increased fatigue and shock resistance. 
With identical materials the cold-headed 
part has, in addition to increased fatigue 
and shock resistance, a tensile strength 20 
to 25 per cent greater. Materials whose 
strength is increased greatly by cold work- 
ing—such as the various nonferrous metals 
and low-carbon steels—are thus consider- 


Fig. 1—Left—A few of the great variety of 
machine parts produced by cold heading 


ably improved without extra operations. 
The smooth, compressed, toughened sur- 
faces produced by drawing raw metal into 
wire are retained. 

Cold heading lends itself to mass produc- 
tion and because it is a fast operation a 
great deal of time is saved over that neces- 
sary for other methods of production. An 
equivalent amount of tooling for a headed 
part, as compared to a similar machined 
one, would produce a greater number of 
pieces. Many extra operations are elim- 
inated, and where secondary operations 
must be performed, parts are easily handled 
in large quantities by automatic setups. 

Other advantages which are characteristic 
of headed parts are the smooth, rounded 
corners, built-in fillets, and definite lack of 
burrs. Coupled with these are often the 
additional ones of burnished or cold-worked 
finish, uniform accuracy, economy of pro- 
duction, and versatility of manufacture. 
Finished portions may be either larger or 
smaller than the original wire—one portion 
of the blank wire used may be extruded 
down as well as another portion headed up. 

Design for cold heading can effect great 
savings in material. A machined part must 
be made from bar stock, the size of which 
must equal the largest portion of the blank, 
whereas a headed part is made from wire 
which usually equals in diameter that of the 
shank on the part and is headed up to con- 
form to the largest portion. Consequently, 
scrap loss in heading may be only one to 
three per cent while that in machining oF 


Fig. 2—Left—Comparison of material con- ° 
sumption and production rates 


Macuine Desicn—July, 1946 





scal- 
cular 
g to 
1 by 
actor 
sions 
ther- 
qual, 
hich 
com- 
pos- 
ince. 
aded 
igue 
1 20 
hose 
rork- 
etals 
ider- 


ions. 
sur- 
into 


duc- 
ma 
*CeS- 

An 
ided 
ined 
r of 
lim- 
‘ions 


dled 


‘istic 
\ded 
k of 
the 
rked 
pro- 
ture. 
r or 
rtion 
ided 
| up. 
treat 
nust 
hich 
ank, 
wire 
f the 
con- 
ntly, 
e to 
g or 


con- * 


1946 





forging may run to 75 per cent, Fig. 2. 
The scope of the cold heading process 
ranges far beyond that ordinarily realized. 
The parts shown in Fig. 3 serve to illustrate 
the diversity in design and indicate the wide 
range of possibilities. Although special 
machines which handle wire up to 1%-inch 
are in use, maximum diameter of wire stock 
which can be cold headed today in standard 
machines is one inch. For the great ma- 
jority of production designs, cold heading 
is considered up to the %4-inch wire range; 
from %-inch on, the trend is toward hot up- 
setting. The final decision, however, de- 
pends upon part design and adaptability. 
Length of wire handled in automatic ma- 
chines may run from ¥%4-inch to around 9 or 
10 inches, depending upon diameter. Length 
of parts produced in what are known as rod 
headers can be almost any length. 
Cold-heading machines are classified as 
solid-die or open-die headers. In open-die 
machines, wire is fed through two half dies 
which, when closed, hold the wire firmly, 
cut it off to length and then transfer it to 
heading position where punches in a hori- 
zontal ram collect and force the wire to con- 
form to the shape of the die impression. 
These machines are used for parts with 
wide limits and those too long for solid dies. 
Largest open-die machine commercially 
available today is limited to 1-inch wire. 





Fig. 3—Above—Skeiches of production cold-headed parts which il- 
lustrate the possibilities and wide range of design 


Fig. 4—Below—For unusual flange or head designs such as these, pro- 


Solid Dies Most Accurate 


A solid-die header has slightly different 
operational sequence in that wire is fed 
through a quill and is cut off to length first. 
This piece is transferred in front of the solid 
die and the “first blow” punch pushes it into 
the die until it strikes a knockout pin which 
acts as a stop. The protruding portion is 
then upset into the impression in the face 
of the die by succeeding blows. After the 
piece is finished by one or more blows the 
knockout pin ejects it. Such a die, of 
course, makes possible most exacting tol- 
erances and the extruding operations men- 
tioned previously. Normally, length of 
shank on parts for solid die production 
should not exceed 10 times the wire diameter. The larg- 
est size solid-die header commercially available today is 
also limited to a maximum of 1-inch wire. 

Generally speaking, cold heading jobs run in excess of 
5,000 pieces and most often over 25,000 pieces for eco- 
nomical production. Unless design restricts production 
strictly to a heading operation as with a pyramid or oddly 
shaped upsets, Fig. 4, an order for less than 1000 pieces 
would most likely be produced on a hand screw machine 
or lathe. Between 1000 and 5000 pieces could be handled 
most easily on a single-spindle Brown and Sharpe without 
excessive tooling costs. If, however, an order runs over 
5000 pieces, say 20,000 or 25,000, then the cost of header 
dies and punches could economically offset any mainte- 
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duction by cold heading is usually indicated 





nance cost on screw machine tools—with, of course, due 
consideration to design and adaptability—and the heading 
process and tooling would then be useful for up to 40,000 
or 50,000 pieces. An economical quantity run for odd- 
shape machine parts is usually considered as beginning at 
50,000 pieces. Common types of headed parts such as 
bolts and other fasteners usually run upwards to the mil- 
lions. This is readily conceivable inasmuch as some of the 
smaller screws can be turned out at speeds as high as 400 
per minute. Increase in diameter, complexity, or length to 
a maximum may slow this output speed to a few pieces 
per minute. 

Desicn: A part suitable for heading is usually of simple, 
and more or less regular contour and, if produced by ma- 
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Fig. 5—Ideal parts for cold heading would require an 
excess of metal removal if produced by machining 


chining would require an cxcess of material removal, Fig. 
5. Undercuts are seldom present on headed designs un- 
less produced by a secondary operation, Fig. 6. 

Factors which determine the method of heading are: 
(1) Relation of the amount of stock required for forming 
a head to the wire size in number of diameters, to find the 
number of strokes or upsetting steps necessary, and (2) 
the relation of the length of a blank to the wire size in 
number of diameters, to determine the type of die. 

Experience has shown that when the length of wire to 
be upset into a head is less than twice the diameter of the 
blank, a single-stroke machine is most generally used. If, 
however, the length of wire to be upset is over twice but 
less than four times the diameter for the resulting blank, 
a double-stroke header is used. Where the length of wire 
to be upset is over four times the blank or wire diameter, 
either a three-stroke header or a larger capacity double- 
stroke machine or reheader is used. In each instance, 
though, these figures may be exceeded if stock is well 
annealed and of high headability with no long, slender 
portions. By the same token, with hard wire of poor 
headability, something less than these figures must be 
used. Generally, the practical limit for the three-blow 
header is six times the wire diameter. For some regularly 
contoured heads which are rounded and not too thin, this 
figure can be upped to about 10 to 12, though only with 
material of good headability. 

The length of a part determines the type of die. With 
part lengths of ten wire diameters or less and relatively 
small size wire, a solid-die machine can be used. How- 
ever, with blanks over this length ratio, an open-die header 
is necessary and for the majority of such cases a reputable 
producer should be consulted, especially with extremely long 
parts since these often must be hand-fed. 
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As a general rule, it is well to stay within the limit of 
four diameters for maximum volume of upset. This sets 
the limit for head or flange diameters at about three to 
four times a shank diameter, Fig. 7, unless a reheading 
operation is included. With relatively soft materials such 
as brass, it is possible to produce a head or flange the final 
diameter of which is seven or eight times wire diameter, 
Fig. 4. In a few instances, heads as much as 14 times the 
wire diameter have been produced. This, however, is an 
exception to the general rule as is the fact that in certain 
cases as much as 26 diameters in volume have been con- 
trolled and successfully upset. 

Unless design definitely requires it otherwise, upset por- 
tions should be specified as circular for maximum economy. 
These should be within the foregoing volume limitations 
with head thickness ranging from around % minimum to %4 
maximum of the shank or wire diameter. 


Radii Should be Generous 


Wherever a taper is necessary its small diameter should 
be outward, Figs. 1 and 5, unless special machining is 
justified. Sharp corners should never be specified—as 
large a radius as possible will extend die life immeasur- 
ably. Generous radii or tapers should be specified for 
stepped diameter junctions. 

Average extrusion work with small reductions can be 
had with long die life. In fact, some designs in small 
sizes have been extruded in production with a 50 to 60 
per cent reduction. This drops to around 12 to 15 per 
cent for %-inch wire. On heavy extrusions, however, 
drastically lowered die life must often be accepted. 

Parts having heads or portions of spherical shape can 
be pro:‘uced easily by cold heading and subsequent shav- 
ing to size. Necked pieces, likewise, can often be pro- 
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duced by a double operation. The part shown in Fig. 8 
was upset to form the hollow head leaving a plain shank. 
In a second semiautomatic open-die header, the 21 /32- 
inch diameter flange was formed while extruding the 
thread section for rolling. As can be seen from Fig. 1, 
many variations of this method can be utilized in design. 
Threads—as can be judged from the foregoing illus- 
trations—should, whenever possible, be specified as rolled. 
Thread rolling is a highly economical adjunct to the cold 
heading process and will effect, if specified, lowest pos- 
sible cost in the manufacture of threaded parts. 
MaTERIALS: In considering suitable materials, it is well 
to remember that those which are ultrasoft, such as pure 
magnesium, or ultrahard, such as hardened steels, do not 
make for good headed parts. Perhaps the best headability 
characteristics are possessed by wire material having medi- 
um hardness and excellent cold-working properties. This 
would imply a relative absence of free-machining elements 
such as sulphur, lead, phosphorus, silicon, etc., from fer- 
rous materials. Sulphur in amounts up to 0.050 per cent 
has little effect, but over 0.050 per cent it reduces the 
ability for cold work. Alloying elements such as man- 
ganese, nickel, chromium, molybdenum, and vanadium 
also reduce the capacity for cold working of ferrous 
materials. 
General overall specifications for ferrous heading wire 
may be outlined as follows: 
1. Elongation 20 to 45 per cent 
2. Reduction of area 50 to 70 per cent 
8. Tensile strength 70,000 to 90,000 psi 
4. Wire free from seams, inclusions, etc. 


Although neither the elongation nor the reduction of area 
alone can be considered an indication of headability, the 










































































TABLE I* 
Approximate Composition of Materials for Cold Heading 
Type of Steel | C | Mn | Si | Cr | V | Mo | Ni 

a 0.08 | 0.20 | 0.05 ~ | 
0.15 | 0.45 | 0.05 | | | 
0.18 | 0.75 | 0.05 | | | 
0.20 | 0.60 | 0.05 | | | 
0.35 | 0.80 | 0.15 | | | 
0.40 | 0.80 | 0.15 | | | 

Manganese | 9.35 | 1.35 | 0.20 me | | 
0.35/1.65|0.20| | | 

Chromium 0.38 | 0.60 | 0.20 | 0.90 | 

Chromium-Vanadium | 0.38 | 0.65 | 0.20 | 0.90 | 0.15 

Chromium- 

Molybdenum 0.38 | 0.70 | 0.20 | 0.90 0.20 
Molybdenum 0.40 | 0.80 | 0.20 | 0.25 
Chromium-Nickel 0.38 | 0.70 | 0.20 | 0.60 1.25 
Nickel 0.35 | 0.70 | 0.20 3.25 
Nickel-Molybdenum | 0.40 | 0.75 | 0.20 0.15 | 1.20 





























ee “Hot and Cold Heading”—Alfred S. Jameson, Metal Progress, 


Noy. 1940 
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two together are useful. If the elongation is less than that 
specified above, the wire is not sufficiently plastic to fill 
out the die impressions properly. Cracks usually form be- 
fore complete upset. Similarly, if the reduction of area 
falls below the specifications, the wire can be headed, but 
only poorly, and die life decreases greatly. 

Tensile strength specification is necessary not only to 
insure a part which fulfills requirements but also as an in- 
dication of resistance to upsetting. When the tensile falls 
below the minimum, the wire will be so soft that, although 
it can be headed, sponginess may result with attendant 
heading difficulties. Where the tensile must necessarily 
be over the maximum specified, special coatings must be 
cold-drawn into the wire to assist the upsetting. 

Specifications for nonferrous heading wire are similar 
but the tensile strength need have no particular low limit. 
However, with extremely low tensile strength wire, hot 
heading or a preheat operation must be resorted to. 

The common and usually most economical heading stock 
is probably ferrous wire with a carbon content of 0.10 to 
0.15 per cent. Most easily worked steel is that with less 





Fig. 6—Elliptical collar, cold headed in two blows from 

54-inch SAE 1035 steel and sheared to size, would be 

difficult to produce otherwise. Undercut head portion 
requires a secondary operation 

















Fig. 7—Brake adjustment unit. Cold headed from 34-inch 
SAE 1035 steel, a flange 0.130 to 0.150-inch wide is upset 
to 1\%-inch diameter. Threaded end is extruded to size 
for rolling and serrations blanked in secondary operation 


than 0.12 per cent carbon, but this material is subject to 
excessive grain growth. Used widely for fasteners of all 
types is a 0.15 to 0.25 per cent carbon steel. Carbon steels 
ranging from 0.25 to 0.45 per cent are specified where 
maximum physical properties are desired by subsequent 
heat treatment. Thus, SAE 1035 steel is most commonly 
employed for such parts. 

Coarse-grained steels—1 to 5 McQuaid-Ehn test—in 
the lower carbon ranges can be used for parts under 7/16- 
inch diameter which require special physical properties 
after heat treatment. An oil quench, however, must be 
used with the coarse-grained steels. Although the coarse- 
grained wire usually has a better plastic flow than fine 
grain, the fine-grain wire—5 to 8 McQuaid-Ehn test— 
must be used on parts over 7/16-inch diameter to avoid 
cracking after heat treat. The usual practice is to water 
quench these parts to obtain desired properties. 

In almost all cases, if the physical properties of a part 


Fig. 8—Necked aircraft part cold headed from SAE 1020 
steel wire and flanged in a second open-die machine 
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are specified, a manufacturer can produce or obtain a wire 
which will be of satisfactory headability and fulfill the re- 
quirements after heat treatment. The approximate com- 
positions of the normal run of materials specifically in- 
tended for cold heading are shown in Taste I. 

Stainless steels of the 18-8, 25-12 and 12 to 17 per cent 
straight chromium types are often used. The nonferrous 
materials include 17S and 24S aluminum alloys and also 
various brass alloys with 63 to 100 per cent copper. Most 
nonferrous alloys are used because of special color, ap- 
pearance, electrical properties, corrosion resistance, or to 
reduce weight. Costs are usually higher than for steel, 
however. Magnesium alloys are generally not suitable. 
Monel can be used and certain special instrument parts 
have been made from Invar. 

ToLerances: Generally speaking, die life is indirectly 
proportional to the tolerance limits held on parts produced. 
Experience has shown that limits of plus or minus 0.001- 
inch can be obtained and in some cases are not unreason- 
able. Most die-life calculations, however, are based on 
plus or minus 0.002-inch, a tolerance usually maintained 
on regular headed blanks. Reducing this to plus or minus 
0.001-inch would cut average die life by 50 to 95 per cent. 


Exacting Tolerances Practical 


Experiment has shown that where highly exacting limits 
are necessary, special honings of the dies, use of tapers, 
fillets, and special die designs can be resorted to for in- 
creasing die life to a practical length. 

Based on expected die life with limits of plus or minus 
0.002-inch, a minimum of 250,000 pieces can be pro- 
duced using 0.10 to 0.15 carbon steel, brass, or alu- 
minum wire. This figure drops to around 125,000 pieces 
for steels such as SAE 4037, or 50,000 to 70,000 pieces for 
stainless steel or Monel wire, etc. If the tolerance can be 
increased to plus or minus 0.004-inch, which satisfies most 
general run designs, the normal 250,000 minimum figure 
can be increased to well over 300,000. 

The foregoing figures are, of necessity, based upon solid- 
die work. It is usually found that open-die work auto- 
matically means increased die life by several times due to 
use of four impressions in the die as compared to one or 
two in a solid die and, in addition, freedom from friction 
upon ejection, etc. The open-die header, however, will 
not hold the exacting tolerances possible with a solid-die 
machine and consequently is used primarily for those parts 
that will require further machining operations. Extrusion 
work cannot be done on open dies. 

Tolerances for the overall length of parts should be as 
liberal as possible. Close limits can be held on the die up- 
set section but overall length should be at least plus or 
minus 1/32-inch or more wherever possible. Plus or minus 
1/64-inch and in certain cases 0.010-inch can be had but 
should be considered as less economical in production. 


Collaboration of the following organizations in the prepara- 
tion of this article is acknowledged with much appreciation: 


Allied Products Corp. (Figs. 5,6, and 7) ............ Detroit 
EO. ee Waterbury, Conn. 
American Institute of Bolt, Nut and Rivet Manufacturers 

& 4 2) Sarees es __ Cleveland 
SL A rrr rere ee Bridgeport, Conn. 
Corbin Screw Division, American Hardware Corp. 

RRR ey errr ree New Britain, Conn. 
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Fig. 1—Overall view of engine 
shows many of the die-cast parts 
and the axial-flow cooling fan 
which is belt driven from a pair of 
variable-speed sheaves 





incorporates many novel features in- 
cluding slide valves, built-up crankshaft 
and generous use of die-cast light metals 


HE recently developed Jack & Heintz Precision In- 

dustries engine, Fig. 1, is a six-cylinder, horizontal, 

opposed air-cooled type which incorporates sliding 
sleeve valves in contrast to the conventional poppet valves. 
It consists essentially of several aluminum or magnesium 
die castings, namely, crankcase, cylinder head, oil pan, 
accessory cover, and front and rear covers. The two crank- 
cases, Fig. 2, are identical, each comprising a bank of cyl- 
inders and half a crankcase, and are bolted together on 
the center line of the crankshaft. 

The complete crankshaft assembly, Fig. 3, consists of 
the crankshaft, main bearings, connecting rods, pistons 
and piston pins, and embodies features not found in con- 
ventional designs. For example, the crankshaft is of the 
built-up type in which the individual parts are positioned 
by gear-type face clutches and held together by bolts and 
special nuts, thus eliminating the necessity of using split 
connecting rods or main bearings. 

A newly developed bearing alloy is bonded to the crank- 
pins, main journals and thrust surfaces of the crankshaft. 
Each connecting rod is an alloy steel forging with a stand- 
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ard bushing pressed into the piston-pin end, the large end 
being ground and honed to a fine finish. Main bearing 
blocks are light-alloy die castings into which are fitted 
nitralloy bushings the inside diameters of which are super- 
finished. 

Pistons are forged of aluminum and piston pins are the 
free-floating type fabricated from alloy steel tubing, pack 
hardened, ground, superfinished and fitted with an alu- 
minum button pressed into each end. 

The complete valve-shaft assembly, Fig. 4, consists of 
the valve shaft, timing gear and three pairs of supports, 
valves and eccentrics together with their levers, connecting 
rods and pins. The valve shaft is driven through a fabric- 
base laminated plastic gear at one-quarter engine speed 
by a steel pinion on the crankshaft. Supports are mag- 
nesium die castings and provide bearing surfaces for the 
valve shaft as well as for the pins which locate the fixed 
ends of the levers. Cast iron eccentrics, integrally coun- 
terweighted, are secured to the valve shaft by means of a 
tapered lock. Their rotary motion is translated into the 
reciprocating motion of the slide valves by a forged alu- 


125 








cc iadtet taaiias neat 


SO RS ae cote oe 


Bi dil i ai 





minum connecting rod which rides on the eccentric and 
is attached to the forged steel lever. Levers have close- 
fitting ball ends which engage the sockets, which are at- 
tached to the slide valves by alloy steel rivets. The valves 
are nitrided alloy steel, formed after heat treatment, then 
honed and superfinished. The valve opens and closes the 
port every time it traverses the port in each direction, the 
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Fig. 2—Above—Two crankcases are assembled by bolting 

together at the center. Each crankcase is a single die 

casting and affords a good example of the intricacy of 
parts that can be die cast when properly designed 


Fig. 3—Below—Crankshaft assembly. Split connecting 

rods or main bearings are not required because crankshaft} 

is built-up typ2, its parts being positioned by face clutches 
and fastened together with special bolts and nuts 
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valve port being located so that it travels above and be- 
low the combustion-chamber port during each succeeding 
cycle. Two valve assemblies are employed, one of which 
drives the intake valves and oil pump, while the other 
drives the exhaust valves and accessories. 

Each cylinder assembly, Fig. 5, consists of a pressure 
spring, reed-type seals, sealing ring, port ring, cylinder, 
and locating steel segments in addition to the crankcase 
and cylinder head castings mentioned previously. Each 
cylinder section of the crankcase has a circumferential 
groove cut at the lower end and two steel segments are 
placed in this groove. The alloy iron cylinder has a cir- 
cumferential shoulder which bears against these segments 
and the port ring in turn rests on top of the cylinder. The 
lapped surface of the sealing ring mates with the top sur- 
face of the port ring while the other end bears against the 
pressure spring. When the cylinder hold-down nuts are 


Fig. 4-—Right—Valve- 
shaft assembly. Below 
—Exploded view of the 
assembly. Supports are 
magnesium die _ cast- 
ings and eccentrics, of 
cast iron, are integrally 
counterweighted and 
secured to valve shaft 
by means of tapered 
lock-pins 


Valve shoft 
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tightened, the pressure spring is deflected by the cylinder 
head, imposing a predetermined static load on the com- 
plete assembly which actually floats between the two slide 
valves (see Fig. 6). 

Three distinct features provide the seal that is required 
during the explosion cycle in an engine of this design. 
First, the port ring is split and its original tension permits 
it to perform like a piston ring for oil control by bearing 
against both slide valves. During the combustion cycle, 
the gas pressure forces it against the valves sealing off any 
leakage that might occur at the ports. Second, the seal- 
ing ring is designed to utilize the gas pressures developed 
during the combustion cycle to increase the force acting 
on the surfaces of the cylinder, port ring and sealing ring, 
thus eliminating any leakage at these surfaces. Third, 
the interference fit between the four thin steel reeds im- 
bedded in the cylinder head and the inside diameter of the 
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sealing ring prevent any gas leakage around the head. 
These reeds are installed in such a manner that efficiency 
of the seal increases with increase in gas pressure. 

Engine cooling is by axial-flow fan of die-cast alumi- 
num which is belt driven through a pair of variable-speed 
sheaves. The sheave at the fan is spring-loaded, and 


Cylinder Sealing Port Cylinder 
head ring ring 





Fig. 5—Above—Exploded view of parts comprising the 
cylinder assemblies. Cylinders employed are alloy iron 


Fig. 6—Below—Section through cylinder and crankcase 
shows how sliding sleeve valves are driven off the valve- 
shaft eccentrics. Also, note arrangement of sealing 
members such as the pressure spring, sealing ring, 
reed-type seals, etc., in the cylinder 
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changes in the fan-speed ratio are accomplished by a hy- 
draulic servo which is powered by engine oil pressure. 
Wartime experience on aircraft engines indicated that 
variations in absolute manifold pressure were practically 
a straight-line function of the variations in horsepower. 
This principle was utilized together with an ambient air 
compensator, to provide the control means for the hy- 
draulic servo. This method of cooling provides relatively 
constant engine temperatures regardless of climate or 
power output. 

The engine is provided with either a wet-sump or dry- 
sump system depending on the application. Pressure lv- 
brication is provided for all bearing surfaces and is a defi- 
nite factor in the long life of all moving parts. In the dry 
sump system, oil is drawn from the sump by the scavenge 
pump and is forced through a full-flow filter, then through 
an oil cooler and into the storage tank. Filtered oil is 
drawn from the storage tank by the pressure pump and 
forced through the bearings, the spent oil completing the 
cycle. A small bleed hole on the discharge side of the 
pressure pump permits some of the oil to flow through the 
extremely fine by-pass filter and return to the sump. Theo- 
retically, every drop of oil passes through this by-pass filter 
every few minutes. In the wet-sump system, the pres- 
sure pump draws the oil from the sump and forces it 
through a full-flow filter to all bearings, the spent oil com- 
pleting the cycle. 
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Precision Casting 
dry- 
e lu- 
defi- ° 
ay By Richard C. Wynne / 
enge N bat one rll Fig. 1—Above—This elliptical gear cost 
ough Washington, D. C $100 machined. Duplicate gears were 
vil is ererey pee made by precision casting for a fraction 
and of the cost of the original 
¥ the 
> RECISION casting offers today what is often the least expensive and, Fig. 2—Below—Type-metal die for el- 
on in some cases, the only method of making a large range of machine liptical gear casting shown above 
| parts. Tooling expense is low and the number of pieces required need 
filter not be large to make production by precision casting economical. This last 
er feature is important in determining the potential market for many articles 
ath due to the possibility of introducing a limited number before full-scale pro- 
ot duction is started. Some typical examples of parts made by precision cast- 
ing techniques are illustrated in this article, and some of the factors which 
influenced the choice of this process are explained. 
Shown in Fig. 1 is a small elliptical gear used in a camera sighting 
mechanism for following the flight of a projectile. The first two gears used 
in this mechanism were specially cut by an outside contractor and cost the 
Naval Research Laboratory $100.00 per gear. When several more were 
STEPS IN PRODUCING precision parts by investment cast- 
ing were illustrated in our May issue. In the present article 
several noteworthy examples of precision-cast parts are dis- 
cussed and a few simple rules given relating to design 
desired, the precision casting group turned out 12 beryllium-copper dupli- : 
cates of the original gears with an expenditure of only 5 man-hours and a 
material cost of less than $3.00. This included the time and material re- 
quired for the low melting point metal die shown in Fig. 2. The only finish- : 
ing required was the sprue removal, after which operation the gears were j 
placed in service. They were completely interchangeable with the original 
machined gears. 
The saw bit shown in Fig. 3 is the cutting edge of a high-speed mechan- | 
ical saw that was used in cutting the bullet-infested trees in the South 
Pacific theatre. Cost of manufacturing the bit by conventional means was 
4 cents for carbon-steel bits and 15 cents for high-speed steel bits. These 
prices could not be beaten by precision casting methods, but forging facili- , -— 
ties were so tight that an alternative method of manufacturing had to be 
found. The parts were produced satisfactorily in carbon 
steel, but preliminary castings of the high-speed steel bits 
were unsatisfactory due to the brittle precipitate which cast” state. The holder for the bits, Fig. 4, was also pre- 
formed around the grain boundaries. Later work showed cision cast of low-carbon steel at a cost of approximately 
that a different technique was necessary to produce a satis- 12 cents. 
factory part in high-speed steel. Cost of making the In Fig. 5 is shown a small turbine rotor which was used 
carbon-steel bit by precision casting was 5 cents. Of under operating conditions involving high pressure and 
particular interest in this part were the edges along the high temperature. This part was to be made of a heat- 
back of the bit. These edges were satisfactory in the “as resistant alloy, Vitallium, which is virtually impossible to 
1946 | = Macuwe Desicn—July, 1946 - 
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Fig. 3—Carbon-steel bits for high-speed mechanical 
saw. Precision castings satisfactorily replaced 
forgings, relieving forging production capacity 


machine. An outside contractor submitted a cost estimate 
of $20.00 per rotor, based. on the use of an alternative 
alloy which could be machined. Even if he could have 
used some other alloy such a figure was out of the question, 
for the turbines were to be used in large quantities. The 
first model submitted had feather edges at point A on the 
blades which were difticult to cast, most of the trouble 
being encountered in making the wax replica. Some 
changes were suggested and the rotor was finally cast 
successfully in the design shown in Fig. 5. Cost of the 
part made by precision casting was 75 cents, not including 
the cost of the metal which was about $1.50 per rotor for 
Vitallium alloy. 

The Alnico pole piece shown in Fig. 6 was for a small 
motor that was to be made in limited quantities so that 
making it by powder metallurgy techniques would have 
raised the cost per piece to a prohibitive figure because 


Fig. 4—Holder for saw bits shown in Fig. 3 also is precision 
cast of low-carbon steel. Inch scale shown at right 
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of the initial die cost. This part was ideal for precision 
casting, as the cross section was uniform and there were 
no extremely fine edges. 

An experimental microwave antenna is shown in Fig. 7, 
An original model was made by hand and twelve dupli- 
cates were desired. A low melting point metal die was 
made from the original model and twelve parts were cast 
in a compensated investment which gave castings having 
the desired dimensions. The castings were sprued as 
shown and the only finishing required was a turning 
operation to remove the gates. Total cost of the twelve 
duplicates was approximately $15.00 including the cost 
of the die and the aluminum alloy used in making the parts. 

Relatively few designers seem to have realized fully the 
possibilities of precision casting in the light of recent de- 
velopments in this field. Those who have used precision 
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Fig. 5—Redesign of this Vitallium turbine rotor to eliminate 
feather edges at point A on the blades enabled precision 
casting method to be successfully used 


castings extensively are well aware of their advantages. 
Others may have a mistaken idea about their limitations. 
At any rate, many have never stopped to inquire how im- 
portant such castings might become in their own products 
if wisely applied. 

As in other fields, best results can be obtained by con- 
sulting an experienced precision caster before preparing 
a final design. In lieu of advice from an experienced pre- 
cision caster, or in developing preliminary designs, the 
following suggestions will help in designing a part adapt- 
able to precision casting. Actually, there are relatively few 
unvarying rules of procedure in precision casting. 

Wax PaTTERN Diz: Making the die for producing the 
wax or plastic replicas is one of the most important phases 
of the process. The dimensions of the replica will usually 
be the same as the final metal part except where high ex- 
pansion investments are used, as in the case of the elliptical 
gear, Fig. 1, and radar antenna parts, Fig. 7, previously 
mentioned. In most cases, particularly unsymmetrical 
parts, the wax will shrink more in some dimensions than in 
others, and the best practice is to take the original model, 
make a cast type-metal die and go through the entire 
process. The resulting casting is measured and then com- 
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pensation can be made for all dimensional changes occur- 
ring in the various steps of the process. A machined die 
or model can then be made incorporating the necessary 
changes so that the final casting will have the desired di- 
mensions. : 

Die Partinc: It is desirable for the designer of the 
casting to foresee where the parting will come and to so 
design the casting that the parting can be made preferably 
within a single, rather than several planes. Frequently 
irregular partings are feasible and may be necessary in 
many cases, but they are likely to step up both the cost of 
the replica dies and later cleaning operations. Where 
possible the parting line should be located so that half of 
the casting is in each half of the die. Also, the designer 
should avoid whenever possible a parting that would pro- 
duce flash at any point where it is difficult to remove. It 
is good practice to make the parting at a square or other 
sharp edge of the casting when this can be done readily. 

ToLeRANCES: ‘Tolerances should always be specified 
where they are important, and should never be closer than 
is essential to meet requirements, because of the extra 
care involved, and the resulting extra expense. When a 
critical dimension is across a parting line there must be 
an added allowance, is most cases 0.001-inch total in ad- 
dition to the minimum of 0.002-inches per inch that is 
usually allowed. 


Female Threads Difficult 


THREADS: In most cases either inside or outside threads 
may readily be precision cast on the piece, but inside 
threads require that the core forming them in the replica 
must be carefully unscrewed from the piece. This in- 
creases the time required to make the replica, slows pro- 
duction, and increases the cost per piece accordingly. 
Often it will be found cheaper to cast a hole and tap the 
metal casting. Regardless of whether or not the threads 
are cast, blind holes should be avoided whenever possible. 
Outside threads are usually formed by a split section of the 
die, usually at the parting line, which results in a slight 
flash line along the thread of the replica which must be 
chased before casting, or the thread can be formed by a 
loose collar having an inside thread ‘not split, which must 
be unscrewed. This also is a slow operation and, unless 
there are unusal circumstances such as an unmachinable 
alloy, it is usually far more satisfactory and economical to 
machine ‘the threads after casting. Whitworth threads 
with rounded root and crest and U. S. Standard threads 
are much easier to cast than square threads because of the 
tendency of bubbles to collect in the square threads. Ap- 
proximately 20 threads per inch is about the finest thread 
that is considered feasible to cast in nonferrous alloys and 
14 to 16 threads per inch in ferrous alloys. 


Uniform Sections Desirable 


Orner Factors: Fillets should be employed wherever 
possible to decrease turbulence as the mold cavity is filled 
and also to prevent the occurrence of hot tears which may 
show up around sharp internal corners. Section thickness 
should also be kept as constant as possible to prevent this 
same deleterious effect. 

Undercuts in cored holes are undesirable not only be- 
cause of the difficulties involved in the making of the col- 
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Fig. 6—Precision-cast Alnico hole piece for small] motor. 
Limited quantity production would have meant prohibitive 
die costs if made of powder metal 


lapsing cores, but also because of the defects that result 
in the casting. These defects occur in varying degree, 
depending upon what investing techniques are used, the 
single investment technique resulting in less breakdown 
in almost all cases. 

Large flat areas should be avoided whenever possible, 
for the replicas are invariably “dished in” unless a “two- 
wax’ technique is used, which is satisfactory except for the 
increase in cost which results. 

Engraving and lettering of all types can be easily in- 
corporated in any precision-cast part, the only restriction 
on their use being interference with the extraction of the 
replica from the die. 

In conclusion, it may be said that although precision 
casting is not a panacea it nevertheless fills an important 
gap in metal fabrication. 


Fig. 7—Experimental microwave antenna, twelve dupli- 
cates of which were precision cast in. an investment 
made from an original hand-made model 
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XPERIMENTAL methods for verifying stresses and 
strains under operating conditions are no longer 
new to most designers, and it is generally realized 

that loading in a complex structure may be such that a 
simple strain measurement will not suffice to determine 
the actual stress. Since structural members are designed 
on a stress basis it is necessary to have a working knowl- 
edge of the stress-strain relation and of the most practical 
ways of evaluating the state of stress in a test specimen or 
part such as shown in Fig. 1. The method to be discussed 
is not new in that it concerns the use of a strain rosette, 
but it does present it in a form that is easier to use and to 
remember. 

When it is desired to measure stress in a single direction 
at a point, the use of a stress gage reduces the amount of 
equipment and interpretation required, so that a stress 
may be measured as directly as a strain. A careful ap- 
proach, starting from fundamentals, will serve to bring 
forth the use of the Mohr circles in evaluating biaxial strain 
data (conditions where knowing a strain does not mean 
knowing the stress that causes it). 

Since Hooke’s Law states that strain is proportional to 
the stress producing it, why not apply the proportionality 
factor (Young’s Modulus, E,,) and compute the stress? The 
answer is that the strain in any given direction is not all 
due to the stress in that direction, but may result also (in 
a lesser proportion) from stresses which are acting per- 


® Mr. Williams is now Research page, Division of Industrial Cooper- 
ation, Massachusetts Institute of Technology, Cambridge, Mass. 
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Stress Gagéj 


By Sidney B. Williams* 


Assistant Project Engineer, Propeller Division 
Curtiss-Wright Corp. 
Caldwell, N. J. 


pendicularly, or normal, to the given direction. In a com- 
plex structure, strains will generally be due to the com- 
bined effects of stresses in both the same (axial) and 
normal (or lateral) directions. In a simple case such as a 
tension specimen, the strain in the direction of the applied 
load is all due to that axial stress, while the lateral strains 
(the “necking down” action) are not due to any stress in 
the lateral direction (for there is none) but are all due ob- 
viously to the applied load and its associated stress, which 
of course are acting in a direction normal to the necking- 
down action. 

Stress, being the average force acting normally to a unit 
area, cannot act laterally in the simple tension member 
since the applied load has no component in that direction. 
Strictly speaking, the word stress should be replaced where 
it occurs in the foregoing by the phrase normal stress be- 


Fig. 1— Camber and 
thrust faces of hollow 
steel propeller, show- 
ing stress gages, strain 
gages, and strain 
rosettes wired for en- 
gine - stand testing. 
Thrust face’ carries 
fewer gages. Stress 
gages predominate and 
can be identified by 
their flatiron-shaped 
felt coverings 
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gdimplif y Analysis 


BECAUSE strain measurement does not give a 
direct indication of stress in many cases such as 
in propeller blades subjected to complex vibra- 
tory stresses, the author developed stress gages 
to aid him in his experimental work. These 
gages have marked advantages because they 
aid in solving biaxial stress equations without 
second measurement or calculation 


cause that is correctly applied only to stresses which tend 
to cause elongation or compression. Shear stresses are 
those which tend to cause angular displacements or rota- 
tions. This is complicated by the fact that the one type 
of stress can hardly exist without the other, and such other 
peculiar truths that ductile materials loaded in tension fail 
in shear, but this discussion wil! be concerned only with 
the evaluation of stresses at loads well below the ultimate. 
It will be limited further to the measurement of biaxial 
stresses at a point—that is, stresses measured on a surface 
whose curvature is small enough to be neglected, upon 
which no normal forces are acting, and over whose area 
stresses and strains vary only with direction. These are 
assumptions which operate well enough for all ordinary 
work where gages may be located on a free surface. 


Biaxial Stresses and Mohr Circle of Stress 


Because there are normal and shearing stresses existing 
in various directions, measurement is not as simple as 
measuring a strain and multiplying by the modulus. There 
are, however, certain features that simplify the situation. 
These are: 


1. Six measurements are required to determine com- 
pletely the state of stress at a point 

2. Of the six measurements, three may be directions, 
so that three strains and their directions will suffice 

3. All the stress may be resolved into two pure nor- 
mal stresses and two shear stresses 

4. The pure normal stresses will exist in directions 
normal to each other, and will represent the maxi- 
mum and minimum values of stress existing at the 
point; the shear stresses will be equal and opposite 
and will be oriented in directions bisecting the 
directions of maximum and minimum normal 
stresses 

5. Pure normal stress alone may exist at 2 point with 
no shear stress in any direction, but pure shear 
alone cannot exist, i.e., there must exist a normal 
stress in some direction, at least as large in mag- 
nitude as the maximum shear stress. In the direc- 
tions of the maximum and minimum pure normal 
stresses (which are called the principal stresses) 
no shear stress exists. 
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So it develops that the way in which stresses may exist is 
somewhat limited and, as the following equation for the 
state of stress shows, the simplicity becomes apparent: 


2 2 
(+. - “2 ) trata (“* ) IRF ROMID eH ..(1) 


where g, = normal stress on x-plane (in x-direction); o, 
= normal stress on y-plane (in y-direction) (This does 
not occur in the above equation but represents a normal 
stress acting perpendicularly to o,); o) = maximum prin- 
cipal stress; ¢, = minimum principal stress; and -,, = 
shearing stress on x-plane (in y-direction) 

The simplicity of Equation 1 becomes apparent when 
it is realized that only o, and r,, are variables at any given 
point. Consequently, the equation is that of a circle and 
defines the Mohr circle shown in Fig. 2. From what was 
said about the principal values, g, and og, must lie as 
shown in Fig. 2 (at the extremities of the horizontal diam- 
eter) and the maximum and minimum values of shear 
stress (tmaz 2Nd tmi,) must be the ordinates of the ex- 
tremities of the vertical diameter. Now everything fits in 
the circle except that all the angles between the various 
maxima and minima are double the values that exist in fact. 

There is one good explanation for this. A stress is the 
same whether measured in the 0-degree or 180-degree di- 
rection, just as a strain gage measures the same strain no 


























Fig. 2—Mohr circle of stress, indicating its relation to the 

principal stresses. Circle center is determined by the 

average of any two mutually perpendicular stresses be- 
cause they lie at the extremities of a diameter 


matter which end carries the terminals. If it were pos- 
sible to rotate the stress (or strain) measuring device, we 
would find that we were back where we started after a 
180-degree rotation. Therefore, one revolution (360 de- 
grees) around the Mohr circle must—-since no point is re- 
peated—represent 180 degrees on the specimen. Any 
angle on the Mohr circle measured from the direction of 
oy is 2 @ where 6 is the physical angle on the stressed sur- 
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face measured from the direction of ¢,. Thus items 4 and 
5 (tabulated previously) are fulfilled. To understand 
item 5 more fully it will be helpful to try to draw the Mohr 
circle for the condition of o, = ag. It should be noted 
that the stresses in any given direction are specified by 
the (¢, +) co-ordinates of the corresponding point on the 
circumference of the circle. These are measured in terms 
of their projections on the N (normal) or S (shear) axis. 

Also, the radius of the circle is always determined by 
half the difference of the principal values of the normal 
stress, and the center of the circle can always be found by 
taking the average (half the sum) of the principal stresses. 
In fact, and this is important, the center of the circle can 
always be found by taking the average of any two stresses, 
g, and g,, which lie at the vertical projections of the ex- 
tremities of any diameter. (These are said to be orthogonal 
stresses, which is equivalent to saying that they are normal 
to each other on the specimen.) The radius is not as 


























Fig. 3—Mohr circle of strain drawn concentric with the 

stress circle showing the determination of all shearing 

and normal stresses and strains at a point on a given 

plane by the construction .of a single radius. To ac- 

complish this the ratio of stress units to strain units must 

be E,/(1—n), whereupon the stress circle diameter 
is about half that of the strain circle 


easily found, but it should be clear that it must bear some 
not-too-complicated geometrical relation to the remainder 
of the circle. 

At this point the question may be asked: “What good 
does it do to comprehend the Mohr circle when we don’t 
know the stresses, only the strains?” That is just the situa- 
tion with which strain-measurers have been confronted 
ever since the Mohr circle was first presented to help with 
the understanding of the distribution of stresses for a given 
set of applied loads. It is something which does not lend 
itself too well to construction from even a set of observed 
normal stresses, much less strains, for after all, these 
stresses will be represented by the projections of their cor- 
responding points on the circle, while we don’t even know 
if they were projected up or down from points lying below 
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or above the N axis. It turns out that knowing the angles 
between the stresses (if at least three points are known) 
is all that is needed, but the solution is neither straightfor- 
ward nor obvious. 


The Mohr Circle of Strain 


The answer to this is that there is another Mohr circle— 
for strains rather than stresses—and, under certain condi- 
tions, it is easily constructed from three strain measure- 
ments at a point. The “certain conditions” require that 
the angle between each strain and the next be exactly 45 
or 60 degrees (construction of both circles from three 
strains, 45 degrees apart in direction, will be discussed 
later). The 45 or 60-degree spacing explains the strain 
rosette gages which are available already arranged with 
these convenient angles between the gage directions. The 
equation for the strains, from which the corresponding 
strain circle can be produced is as follows: 


Ep teég . Yeu : ( Ep— €q ) ‘ 
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where «, = normal strain on x-plane (in x-direction); «, 
= normal strain on y-plane (in y-direction), bearing the 
same relation to ¢, as o, does to g, (see Equation 1); «, = 
maximum principal strain; ¢, = minimum principal strain; 
and 7,, = shearing strain on x-plane (in y-direction). 

Equation 2 is similar to Equation 1 except that normal 
strains replace normal stresses and the half-shearing strain 
replaces the shear stress. 

The problem now reduces to this: If the three strains 
(with the angles between their directions as specified) are 
known so that the Mohr circle for strains can be drawn, 
how could the Mohr stress circle be determined? The 
answer may be grasped from the equations of the circles. 
It will be observed that each circle equation is of the form 
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where h represents the circle center and r the circle radius, 
so that the differences between the h and r of Equation 1 
and the h and r of Equation 2 must be determined. If 
these constants are designated with subscripts o and «¢ as 
they apply to Equation 1 or 2, it can be shown that 


r 
n on toq = E, (4) 
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and 








where E, = modulus of elasticity in tension or compres- 
sion and » = Poisson’s ratio. 

What all this means is that it is possible to construct 
both circles (stress and strain) on the same axes and with 
the same centers. If this is done, (make them concentric) 
it will be apparent from Equation 4 that the scale factor 
between the two diagrams is E,/(1—). If the two values 
of h are set equal geometrically Equation 4 must have 
been multiplied by (1—,»)/E,. When this is applied to 
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Equation 5, the ratio of the two radii is (l—y)/(1+ 4), 
that is, the stress circle radius is about half that of the 
strain circle, since Poisson’s ratio, yp, is usually between 
one-fourth and one-third. Fig. 3 illustrates just how the 
two circles are related and how one may be constructed 
from the other, it being as easy to construct one from the 
other as vice versa. 


Mohr Circle Construction from Strain Data 


How three strains may be translated into the Mohr 
circles is yet to be shown. This has been done by many 
writers and in many ways but there is one method which 
is somewhat new and by its nature is easy to remember. 
This applies to the rectangular rosette (45 degrees be- 
tween directions) and consists of locating the center of 
the circle and one point on the strain circle circumference 
whose direction is known. Then the strain circle is drawn 
using this point and the center, and the stress circle located 
inside and concentrically, with its radius (1—,»)/(1+ ,) 
as large. It requires the establishment of the fact that 
the difference of two extensional strains normal to each 
other determines the shearing strain along the bisector of 
their directions. This may be seen in Fig. 4 where, if OA, 
OD and OE represent ¢;, ¢2 and ¢3, respectively, DG will 
represent the half-shearing strain measured in a direction 
midway between those of the ¢, and eg strains. It is ob- 
vious that the three triangles ABC, CDG and CEF are 
congruent, so that 


1 1 1 
—g (a-4)=-| (OA— OB) = DG=—F 1: ‘vp ase sen kee eet (6) 


Now everything will go along smoothly. From the three 
strains ¢,, €9 and es, 45 degrees apart in direction (or more 
exactly in the directions 0 degree, 45 degrees and 90 de- 
grees from whatever arbitrary axis is chosen), the com- 
plete state of stress may be determined in the following 


1. Locate the center of the circle, h=%(e,+«,) 
2. Erect a vertical line at e, 


Fig. 4—Relationships existing between two mutually 
perpendicular normal strains and the half-shearing strain 
on the plane oriented midway between their directions 


3. Construct the horizontal line where ordinate is 
Yaya= Y2(€,—€s) 

4. Find the intersection of the horizontal and vertical 
lines just constructed and draw a circle through 
this point («,%ey.) with the center at h. This is 
the Mohr circle of strain 

5. Draw another circle with the same center but with 
a small: radius (l—y«)/(1+,) as long. This is 
the Mohr circle of stress. Whatever scale was used 
for strain must be multiplied by E,/(1—j,) to tind 
the stresses 

6. Draw a diameter normal to the radius through 
(e,,%y,) and label the ends 1 and 3 remembering 
that the point 2 on the circles represents measure- 
ments in the 45-degree direction, while points 1 
and 3 represent measurements in the 0 and 90- 
degree directions, paying attention to the sign of 
the rotation (counter clockwise usually being taken 
as positive). The angle which the direction of prin- 
cipal stress makes with the 1 or 0-degree direction 
is one-half that measured from the direction of the 
point 1 to that of the N axis, 


Now all the stresses, strains and directions for the point 
in question have been determined. The values of prin- 
cipal stresses may be measured easily at the circle ex- 
tremities and the angle from their direction to the 0-degree 
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Fig. 5—Numerical example showing the complete state of 
stress solved from three measured strains at one point 


direction easily measured. Even if all these values are 
calculated it will still be helpful to make a rough sketch of 
the two circles just to make sure that no obvious mistake 
has been made. After all, when the graphical solution is 
once established and the projections from the points 1, 2, 
and 3 fall upon the values ¢;, ¢2 and ¢; it is hardly possible 
that any mistake has been made, for both signs and mag- 
nitudes have been checked. Even when only one or two 
strains have been measured at a point it is usually desir- 
able to consider them in the light of what Mohr circle solu- 
tion may exist, making whatever assumptions (such as 
knowing the direction of principal stresses) are necessary 
to fill out the rest of the data. 

A numerical example is solved graphically in Fig. 5. The 
given data are e, = +815 microinches/inch at 0 degree; 
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€g = ~—72 microinches/inch at 45 degrees; «, = +165 
microinches/inch at 90 degrees; 4 = 0.3 (Poisson’s ratio); 
and E, = 80 xX 10® psi (Young’s Modulus) 

The solution shows o, = +36,000 psi; o, = +6,000 
PSi; tmaz = 15,000 psi; and 2 6, = —60 degrees (6, = 
— 30 degrees) 

The angle between the maximum principal stress ap, 
and g; the stress in the 1 direction, is given as negative 
since the direction of 0 degree was arbitrarily assigned to 
the first gage, with angle increasing counterclockwise 
through the remaining gages. From this figure it may 
readily be shown that 


1 €1— €3 
6,=45° — — ——— 
p=45 3 arctan ( rer ) 
This example (and one or two more with arbitrary 
strain data) should be solved to get the relation of the two 
circles firmly in mind, even if a rosette analysis is never 
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Fig. 6—Circles for stress and strain showing how a V-type 

stress gage averages two strains to yield an output pro- 

portional to the normal stress existing in the direction of 

its axis. The V-configuration is not essential to stress 

gage operation but is perhaps the most convenient besides 
being most easily proved by graphical means 


made. It should be noted that the relation of stress to 
strain is generally not E,, that the sign of the stress is not 
always the same as that of the strain, and particularly that 
the maximum stress may differ greatly from the largest ap- 
parent stress (strain X modulus). In the numerical ex- 
ample this difference is about 50 per cent. 


The Stress Gage 


Often, since the introduction of stress gages in 1943, 
there has been raised the question, “Since stresses are as- 
sociated with internal forces and their only external mani- 
festations (so far as the SR-4 bonded-wire unit is con- 
cerned) are strains, how can stresses be measured direct 
by such a means?” Strictly speaking, they cannot, but to 
the extent that stresses can be calculated from strains, they 
can. The calculation can be accomplished readily. To 
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understand this it is best to return to the Mohr circles (of 
stress and strain) even though no attempt is being made 
to determine with one stress gage any more than the 
stress in a given direction—as contrasted to the complete 
solution available from a rosette analysis. 

Considering Fig. 6, our concern is with the measure- 
ment of stress in the direction 6. It is no problem to 
measure the strain, e, with a strain gage. Measurement of 
the stress, g, is a little more obscure. We realize that, if 
it were possible to measure a strain which corresponded 
to the projection of the point (¢, +) on the strain axis, it 
would be necessary only to multiply by the scale factor 
E/(1—,) to determine the stress. A little thought will 
show how this may be done. 

If a line is drawn tangent to the stress circle at the point 
(a, +) so that it intersects the strain circle at the points 
e42¢ and ¢_o¢ it will be appreciated that the average of 
these two values, %(e42¢+¢€_2¢) will always be propor- 
tional to the quantity sought. This is the basis of the 
stress gage. Two equal components, each making the 
proper angle with that of the desired stress, are averaged 
to produce a quantity proportional to that stress. This is 
most easily accomplished by making the path of the wire 
filament that of a Vee, the included angle being deter- 
mined by the geometry of the Mohr circles of stress and 
strain. Since the angles on the Mohr diagrams are actual- 
ly twice those existing physically, the total included angle 
of the Vee (2¢) will be just equal to the angle between 
the radius through the point (o, r) and either of the radii 
through the points corresponding to the projections ¢4o¢ 
and «_2¢. The included angle is termed 2¢ because the 
apparent strain resulting from the stress gage may be rep- 
resented as follows: 


Ox 


- ; 
—g (erro the2g) = (co tbey tan? >) cos*} = 7 Es Pe ata cates (7) 
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This equation agrees both with the fact that the ap- 
parent strain thus measured must equal the stress divided 
by the scale factor, E,/(1—,), and with the elementary 
biaxial stress equation that would have been used to solve 
for the stress in one direction from the readings of two 
strain gages mounted at right angles: 








provided that tan? @ = y. That this latter is true obtains 
from the relation between the radii of the two Mohr circles, 
which yields cos 26 = (1—p)/(1+ ) as can be seen in 
Fig. 6. When this is applied to the identity tan? %(2¢) = 
(1—cos 2¢)/(1+ cos 24), tan? ¢ = p. 

All this may seem to be the long way around to design- 
ing a stress gage, but the terminology was developed to 
express the effective Vee angle for any gage possessing a 
lateral (transverse) sensitivity. Thus, when it is stated 
that a gage has a lateral sensitivity of 0.02, it is equivalent 
to stating that it is effectively a Vee gage of total included 
angle 24, such that tan? @ = 0.02, and 26 ~ 16 degrees 
(approximately). Actually, this value of 16 degrees has 
little significance in strain gage manufacture for the apex 
of the Vee cannot be made infinitely sharp, so that there 

(Continued on Page 186) 
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Fig. 1—Mercury clutch provides 
entire automatic transmission de- 
vice for this light-delivery vehicle 


By H. J. Zimmermann 
Chief Engineer 


Mercury Clutch Corp. 
Canton, Ohio 


HIGH BREAKAWAY TORQUES 


INCE most of our useful prime movers—electric mo- 
tors, internal combustion engines, turbines, etc., de- 
velop maximum torque at relatively high speeds, it 

usually becomes necessary to interpose a clutch between 
the driving and driven elements. Thus, under “no load” 
conditions, the prime mover can attain the speed at which 
it develops sufficient torque to overcome the resistance of 
the driven load. This is especially desirable and often- 
times vital where a direct-connected load offers resistance 
to such an extent that the starting torque capacity of the 
most economical size of prime mover is far exceeded. 
Manual clutch arrangements are not always satisfactory 
—some machines would have output rates severely limited, 
others would be subject to early deterioration from prema- 
ture engagement, still others would be too clumsy and 
some not at all practical. Too, the complexity of some 
mechanically-actuated automatic-clutching arrangements 
eliminates incorporation of such a design. 
Centrifugally-controlled clutches, tailored exactly to ma- 
chine requirements as in Fig. 1, offer much toward achiev- 
ing the most economical design whether it be a vehicle or 
possibly an automatic washing machine. Such a clutch is 
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usually a friction-shoe type, controlled and engaged by the 
action of centrifugal forces. Centrifugal force actuation 
may be obtained in two general ways—mechanically or 
hydraulically. Since mechanical type flyweight-actuated 
centrifugal clutches are well known, this article will dwell 
primarily upon the hydraulic design. 

Performance of any type of centrifugal clutch can be 
controlled to provide engagement at specific speeds or 
speed intervals. Engagement can be retarded by springs 
designed to delay centrifugal action until the specified 
speed—thus centrifugal force—is reached. 

Predetermined delayed action is usually desirable in 





UTILIZATION of centrifugal force with mercury 
as a hydraulic medium affords a measure of 
clutching control and automaticity not hereto- 
fore realized. The inventor here discusses the 
basic design features of such clutches and out- 
lines a few of the advantages and applications 
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“precise control” clutches, especially where no engagement 
should occur within a period of low-torque speed. Without 
this feature, actual engagement would begin almost in- 
stantaneously, and the centrifugal force which increases 
progressively as the square of the speed, would reach con- 
siderable magnitude at low speeds. 

If the centrifugal force acting on a rotating body is 100 
pounds at a certain speed, it is 2? times or 400 pounds if 
the speed is doubled, and 3? times or 900 pounds if speed 
is trebled. A mass m weighing one pound when rotating 
on a one-foot radius will produce a centrifugal force of 


N 2 
F=mRe x1X (=) =0.000341N?......... (1) 


~ 32.16 

















Fig. 2—Above—Simplified sketch showing centrifugal 
actuation of free piston by means of mercury head 


Fig. 3—Below—General cross-sectional details of a radial- 
pressure mercury-actuated clutch 


Fricton segments 


_ 
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Fiz. 4—Disassembled production model of radial-pressure 
clutch showing friction segments 


where R = the radius of gyration in feet, » = the angular 
velocity, and N = the number of revolutions per minute. 
Thus, at 1000 rpm the centrifugal force of the pound 
weight will be 341 pounds and at 2000 rpm it will be 1364 
pounds. 

In considering the design of a centrifugal clutch, this 
mass effect is important. Consequently, to assure a mini- 
mum of volume and a maximum of active weight as well 
as the desirable characteristics of a hydraulic fluid, mer- 
cury is used to provide the mass for centrifugal clutch ac- 
tuation. As a simplified example of this principle, con- 
sider centrifugal forces as acting on a column of mercury 
and this total force created as acting upon an enlarged 
area somewhat similar to a free piston. Thus, as shown 
in Fig. 2, pressure P produced by such a piston arrange- 
ment with a radial reservoir is: 


( % )a 
Mee ee Te ee se 2 
P 24g (R?—r*) (2) 


With speed N = 1000 rpm, density of mercury § = 
0.4902 Ib/in*, R = 12 inches, and r = 1 inch, the pres- 
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sure developed by the mercury head becomes 
P=6.964(R*—r*)=6.94X 143=995.9 vsi 


Thus, assuming approximately 1000 psi, the pressure exert- 
ed on a 38-inch piston is roughly 7100 pounds. This force 
is independent of the diameter of the tube connecting the 
reservoir and piston chamber and merely depends upon the 
height of the column (R-r), or head. Thus only a small 
volume of mercury is necessary. 

In actual clutch construction, rather than the tube of 
mercury and piston shown in Fig. 2, an annular rubber 
gland is used. A clutch of this type is shown in Fig. 3. 
Centrifugal forces through the mercury medium act upon 
the rubber wall and thus against the friction segments. 
The springs counteract the mercury pressure and can be 
selected so that “delayed” engagement occurs at any de- 
sired speed. To utilize the fact that only the head of mer- 
cury is concerned, volume is reduced to a minimum by 
means of the filler ring shown. The mercury which forms 
the centrifugal head is confined to a number of small 
radial holes in this filler ring. 

Mercury, which lies in the bottom of the gland when 
the clutch is at rest, is taken along by friction until a uni- 
formly distributed annular ring is formed during accelera- 
tion of the rotor. When the rotor develops sufficient speed 
so that the centrifugal force of the mercury, aided by that 
of the brake shoes, overcomes the set resistance of the 
springs, the shoes begin to move into clutching position. 
So long as the motor maintains full speed, maximum clutch- 
ing action is present, but on severe speed reduction the 
driven load is automatically released. A clutch of this 
type is shown in Fig. 4. 

A bushing of porous iron at the inner diameter of the 
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Fig. 5—Above—Cross-sectional details of small-size axial- 
pressure mercury-actuated clutch 


Fig. 6—Below—Details of large-size axial-pressure clutch 
with multiple friction disks to suit the required capacity 
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Dimensions of Clutch 
Motor /50 hp at 3000 rpm 
+ Engagement start /OOO rpm 
Complete engmt 1/860 rpm 


Jorque without springs 
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Revolutions per Minute 


800 


gland, Fig. 3, serves as a seal and also as a breather to 
avoid creating a vacuum or pressure in the gland. 

Action of mercury, utilized to produce radial pressure in 
the clutch shown in Fig. 8, can also be used axially as 
illustrated in Fig. 5. Here, since fluid pressure created is 
always exerted in all directions, motion or work is pro- 
duced only in the direction the confining walls permit. 
Actuating pressure created, of course, is approximately 
zero at the inner surface and reaches a maximum at the 
periphery of the gland. 


Axial Clutch More Universal 


This axial type clutch permits the use of a greater num- 
ber of helical springs which afford a more favorable spring 
rate and facilitate adjustment of the engagement speed. 
Where a larger number of friction disks are necessary 
with a correspondingly greater stroke, a cylindrical gland 
sustained radially by a series of thin rings to allow for 
axial expansion is utilized, Fig. 6. A filler ring again re- 
duces the amount of mercury required. 

The axial clutch design is by far the most versatile—ca- 
pacity can be set as desired by merely using the proper 
number of friction disks and varying the height of the 
mercury column. Design similar to that of Fig. 6 is usually 
used for capacities upwards of 100 horsepower. However, 
these clutches can be designed for 1000 horsepower or 
more and have been used successfully for air compressor 
drives, portable “buzz” saw drives, and many other indus- 
_ trial applications. Time delay due to inertia of mercury 
’ makes the mercury-actuated clutch especially suitable for 
drives similar to that of the electric motor-driven com- 
pressor. Capacity of the clutch must be of such magni- 
tude that it will overcome the breakaway torque of the 
compressor—sometimes as much as three times the run- 
ning torque. The motor can attain full speed before the 
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Pig. 7—Left—Performance 
curves of clutch similar to 
that shown in Fig. 6 used 
on a recent helicopter 
installation 
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clutch engages whereupon the torque of the motor and 
the inertia of the armature are sufficient to start the com- 
pressor. 

Ability to accelerate slowly any driven element having 
considerable inertia is vitally necessary on such machines 
as helicopters, centrifuges, etc. Small helicopters present 
little problem but as designs increase in size, proper clutch- 
ing prevents severe loadings of the blade mechanisms and 
transmission as well a: protects the structure from sudden 
torque fluctuations. Delay springs prevent transmission of 
power to the blades at idling speeds and engines can be 
“preflighted” without a manual control. 

Performance of a helicopter clutch for a 150 horsepower, 
3000 rpm engine is shown in Fig. 7. Release springs are 
selected so that the clutch engages or releases at 1000 
rpm. Torque reduction effected by the springs is constant 
as indicated in the curves. Engagement occurs at the in- 
tersection of the clutch curve with the engine-torque curve 
and from that point on there is a surplus of clutch torque. 
This surplus, at a running speed of 3000 rpm, is about 2.7 
times that of the running torque which constitutes an ade- 
quate factor of safety. 

Illustrative of the axial designs utilized for capacities 
under 100 horsepower is that shown in Fig. 5. This de- 
sign for a %-horsepower, 1750 rpm electric motor is util- 
ized for automatic washing machines. Friction shoes for 
this design are segments held in openings in the side 
plates and delayed engagement is accomplished by means 
of flat arch springs arranged between the side and pres- 
sure plates. 

Performance data for this clutch is shown in Fig. 8. 
Curves show comparative current consumption of the 
short-hour, split-phase motor with and without the clutch. 
In starting the load without the mercury-actuated clutch, 
potential drops from 110 volts to 90 volts—a common oc- 
currence when household circuit demands exceed 20 am- 
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Fig. 8—Performance curves for a short-hour, 

split-phase, %4-hp, 115-volt, 1750 rpm, 60-cycle 

electric washing machine motor with and with- 
out a mercury-actuated clutch 


Fig. 9—Clutch in Fig. 4 provides drive for saw 
driven by a 6-hp, 2200 rpm gasoline engine 
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peres. Current consumption rises to 1970 watts and, rated capac- 
ity being a %-horsepower input of 366 watts, overload was 540 
per cent. 

With the clutch, the motor reaches full speed within about 
¥%-second, and at the point of engagement speed drops to 1550 
rpm. Maximum current consumption is only 625 watts indicating 
an overload of 1.7 times the input watts at rated load. Under 
actual conditions acceleration time of 24 seconds without the clutch 
is reduced to 16 with the clutch. 

Since most electric motors accelerate and decelerate rapidly, 
time delay caused by the inherent inertia of mercury is found suf- 
ficient. Thus delayed-action springs or release springs would not 
be necessary other than for positive release of the friction segments. 
They are necessary, however, where a specific clutching speed is 
desired, such as with internal-combustion engines, to allow for an 
idling period and with other special applications, Fig. 9. The 
mercury-actuated clutch also can be designed so that it disengages 
at a specific predetermined high speed. In addition to the fore- 
going, the centrifugal force of mercury can be utilized to actuate 
braking devices for preventing overspeeding, safety devices for the 
operation of hoists or elevators, and special-purpose couplings. 





Fig. 1—Testing is done with a pair 
of helical gears on nonparallel 
axes, restricting contact area to 
central portion and eliminating 
complication of end effects 


ARIOUS methods for evaluating the surface dura- 
bility of gears, which include metallurgical tests, 
tests of gears, and wear tests of specimens designed 
to simulate gear conditions, have not always indicated 
service experience accurately. Recognition of the need 
for an improved technique has resulted in an attempt, 
which will be described in this article, to develop a suit- 
able machine and method of test. The aim has been to 
test gears under controlled conditions of load, tempera- 
ture, speed and lubrication, and to eliminate, as far as 
possible, the unavoidable, complicating variables encoun- 
tered in the manufacture of gears. Primary concern in 
these tests is with the deterioration of the teeth surfaces 
which fail by pitting rather than with the beam fatigue 
strength of the teeth. Ultimately, it is hoped, a compari- 
son of gear materials and their preparation may be made. 
This article covers a description of the testing machine 
in its finally developed form, the test specimen, and the 
test procedure. One of the important problems was the 
determination of the point of failure of gear surfaces, the 
solution of which is explained in detail. A few test data 
are presented to demonstrate the results obtainable. Spec- 
imens and the machine were designed by J. O. Almen, 
J. C. Straub and F. J. Johnson of the General Motors re- 
search laboratory in cooperation with T. H. Wickenden 
and E. J. Hergenroether of the International Nickel Co. 
Shown in Fig. 1, the test specimens consist of a pair of 
28-tooth helical gears with pitch diameter 3.5302 inches; 
normal pressure angle 20 degrees, helix angle 742 degrees 
and tooth face width 1 inch. In operation, the two gears 
are opposed and rotate in different planes which include 
an angle of 15 degrees, thereby developing an elongated 
elliptical contact area which is more or less restricted to 
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Evaluatiniy 


By T. H. Wickenden, G. R. Brophy & A. J. Miller 


Development & Research Div. 
The International Nickel Co. Inc. 


the central portion of the tooth, eliminating the complica- 
tion of end effects. The area of contact may be visualized 
by considering the contact between two crossed cylindrical 
surfaces. By thus restricting the contact area, the test 
stresses may be increased to the desired maximum without 
approaching the beam endurance limit of the teeth. With 





AN INGENIOUS TESTING MACHINE for 
determining the surface durability of gears 
is discussed in this article, which is based 
on a paper presented at the recent annual 
meeting of the American Gear Manufactur- 
ers Association in Hot Springs, Va. Typical 
test data are included and an account is 
given of the testing procedure, which em- 
ploys a noise meter to determine the point 
at which destructive failure begins 





the particular test gear used, the upper limit of stress is 
about 250,000 psi. 

The machine, Figs. 2 and 4, operates on the “four- 
square”, or closed circuit, principle in which two pairs of 
gears are opposed—one pair a permanent part of the ma- 
chine and the second pair the test specimens. The usual 
design was modified to accommodate opposed gears ro- 
tating in different planes, by arranging the shafts at an 
angle of 15 degrees and the insertion of four constant- 
velocity universal joints in the shaft lines to bring the two 
gearboxes to the same level. Two universals were used 
on each shaft line to reduce the operating angles of each 
to safe values. Details of construction of one of the uni- 
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urface Durability of Gears 


versal joints and one of the gearboxes with gears, bearings 
and seals in position are shown in Fig. 3. The other uni- 
versals and gearbox are similarly constructed. 

Another feature of the modified design is the mounting 
of the test gearbox on trunnions so that a torque may be 
applied to the system by means of weights placed on a 
pan hung from a torque arm, effectively 12 inches long, 
which in turn is fastened to the box. The reaction to this 
torque develops the stress in the gear teeth. 

Each gearbox is equipped with a transparent cover and 
is kept filled to capacity with oil which is pumped during 
operation in a continuous flow through the box under a 
constant pressure of 30 psi. The oil is supplied through 
flexible lines and valves shown in Fig. 4 from a 5-gallon 
tank, and is maintained at any desired temperature to —5F 
by means of a thermostatically controlled immersion heater 
and a water-cooled radiator. The circulating pump, radia- 
tor and oil filter are mounted above the tank and may be 
seen in Fig. 2. 

The gear train is driven by three V-belts at a speed 
of 900 rpm by a 3-hp, 1200-rpm induction motor mounted 
beneath the table at an angle of 7% degress from the hori- 
zontal. In the even of an unexpected failure of any of Fig. 2—Above—Top”view of gear-testing machine, show- 
the rotating parts the increased power operates an adjust- ing oil pump system and temperature controls 
able overload relay and a magnetic brake, visible in Fig. 4, 





Fig. 3—Below—Details of construction of universal joint, 
gearbox, gear,“bearings and seals 
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to stop the machine. In addition there is an adjustable 
limit switch placed immediately beneath the torque arm, 
which is actuated in cases of excessive wear, tooth fracture 
or serious vibration. 

In starting a test, the oil temperature control system is 
placed in operation. When the desired temperature is 
reached the load is placed on the pan and supported, the 
motor is started, the load released and the reading taken 
on a Veeder counter direct-connected to the driven pulley, 
Fig. 4. Oscillatory vibration of the system is prevented, 
except at the very lightest loads, by a dash pot placed 
under the counter balance arm at the rear of the test 
gearbox. 


Noise Meter Aids Test 


With the idea that, as the teeth surfaces deteriorated 
under test conditions, the power losses would increase, a 
recording power meter was connected to the motor power 
line. The power record, together with visual examination, 
demonstrated that the gear efficiency continued to im- 
prove even after pitting was well advanced. On the other 
hand the deterioration of any of the rotating parts of the 
system—joints and bearings—was recorded. In a few 
early tests this gave false indications of end points. Be- 
cause of its unreliability this method of indication was dis- 
carded. It was noticed, however, that when the gears 
had pitted seriously, the volume and tone of the sound 
emitted from the machine had changed audibly. This 
suggested that a noise meter might yield a dependable in- 
dication of destructive pitting. 

Accordingly, a simple and inexpensive device*® was as- 
sembled which measures the noise levels in terms of milli- 
volts. It consists of a “Kontak”, high impedance micro- 
phone, mounted on the weight lever, feeding into an 


® Originally conceived, designed and constructed by A. P. Edson, for- 
merly of the International Nickel Company’s Research Laboratory, and 
improved to its present form by A. J. Miller. 
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amplifier and vacuum tube voltmeter. A continuous record 
of the voltage output and, therefore, noise level is ob- 
tained with a potentiometer recorder. The wiring diagram 
of the device in its final form is shown in Fig. 5. 

A few typical examples of noise level records, replotted 
on a logarithmic time scale to sharpen the end points, are 
shown in Fig. 6. No real significance should be attached 
to the initial millivolt level of any tests, for that may be 
adjusted at will, and has been, in order to space the 
records. Failure or destructive pitting of the teeth sur- 
faces is marked by a continued rise of the noise level. 

Among numerous tests already conducted were some on 
gears made from SAE 4645 steel. Forged blanks were 
annealed, turned, and splines and teeth roughly cut. The 
rough gears were then oil quenched and tempered to three 
levels of hardness: Rockwell C 30, 36 and 48, after which 
they were finished on a Fellows gear shaper. Because of 
the procedure of finish machining after heat treatment, 
the hardness of the test gears was limited to rockwell C 45. 





Fig. 4—Above—Side view of 

gear-tester, showing drive shafts, 

motor, brake, and weight for 
load application 


Fig. 5 — Left—Circuit diagram 

for noise meter designed for 

use in conjunction with gear- 
testing machine 
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Fig. 6—Typical gear test noise records. Failure or de- 
structive pitting is marked by continued rise in noise level 


All tests were conducted at 215 F in the manner of 
fatigue tests in order to develop the stress-life relation and 
to establish, if possible, the stress below which the gear 
life is indefinitely long. Stress-life curves at each level of 
hardness are shown in Fig. 7. These have the shape char- 
acteristics of fatigue curves. When the indicated stresses 
for lives of 5 xX 107 cycles are plotted against the hard- 
nesses of each group, the curve of Fig. 8 results, which 
again is characteristic of fatigue in that higher stresses for 
indefinite lives are found as the hardnesses increase. It is 
fully expected that this trend will continue to higher hard- 
nesses than those studied. Indeed, the performance of 
the permanent gears of ihe machine furnish excellent sup- 
port for this expectation. They are made of carburized 
4600 steel, hardened and tempered to rockwell C 63, and 
have withstood, without distress, the summation of all 
tests conducted to date—a total of more than five hundred 
million cycles of calculated stresses ranging between 150,- 
000 and 250,000 psi. 

Calculation for the compression stress in the teeth is 
made through the application of the following equationt 





23,600 3/ ,T(tan%a, cos*A)? 
aXp cosA sin®an 





e 


in which g, = normal pressure angle = 20 degrees, A = 
helix angle = 7.5 degrees, a and 8 are functions of the 
involute tooth form and the angle between the contact line 
(comparative length and breadth of the contact area), 
a X 8 = function of the contact area, and T = torque in 
inch-pounds on the gear = % loading torque. 


Ve 
+ Developed by J. C. Straub, General Motors Research Laboratory. 
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Simplified, the foregoing equation becomes 


s-=15,600V7T 


The formula is rigorously mathematical. It does not pro- 
vide for velocity and assumes only elastic deformation, as 
well as perfection of surfaces and contours which, of 
course, is not attained practically. For this reason, it was 
desired to obtain a measure of the actual compression 
stresses involved in these tests by calculation from con- 
tact areas. The method of determining the contact areas 
was to plate one of each pair of test gears with 0.0008- 
inch of copper, place the pair in the machine under static 
load and to vibrate the system through a small amplitude 
for one hour. The contact area was thus well defined as 
a bright polished area on the copper plate. Because of 
imperfections on the surfaces, the contact areas were never 
of uniform width and frequently were discontinuous. 
More perfect surfaces of course produce more continuous 
contact areas of relatively narrower and uniform widths. 
The teeth were then cut from the gears, photographed 
at magnification and the gross and net contact areas de- 





Fig. 7—Above—Stress-life curves for SAE 4645 gears 
tempered to three levels of hardness 


Fig. 8—Below—Calculated compression and probable 
limiting tension stress ranges. Loading cycle ranges from 
zero to the maximrm 
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termined by projecting the images on a cross-sectioned 
screen and counting occupied squares. The gross area 
was taken as the total area enveloping the numerous small 
contact areas and the discontinuities while the net area 
was the summation of the actual contact areas only. The 
average compression stress over the projected zone was 
then calculated by s, = Load/Area, where load on tooth 
= % loading torque (in.-lb)/PR, and PR = pitch radius 
= 1.75 inches. 

Results are plotted in Fig. 9. The average compression 
stress over the gross projected zones plot with consider- 
able scatter as might be expected with imperfect surfaces. 
The mean of this scatter band, however, probably repre- 
sents a close approximation of the true average stresses 


OL © {O,0) 400 500 
Loading Torque (ft-/bs) 





Fig. 9—Above—Comparison of surface stresses on gears 
calculated from formula and determined from contact areas 


Fig. 1O—Below—Badly scored gear tooth, at 3.785 magni- 
fication, illustrating direction of forces 





over the gross projected zones. When the areas actually 
bearing the loads, that is the net areas, are considered, 
the true average stresses approach those calculated by the 
formula more closely as the loads increase and imperfec- 
tions are eliminated through plastic deformation. Within 
the range of loading torque used, the deviation from the 
formula stress is indicated to be about 15 per cent at 200 
ft-lb, but decreases with increasing torque to about 3 per 
cent at 625 ft-lb. The suggested small but constant dif- 


t SAE Transactions, Vol. 51, No. 7, Page 248. 


§ Moore and Kommers—‘“‘Fatigue of Metals”, McGraw Hill Book Co., 
Page 
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ference at higher loads may be the difference between the 
calculated maximum and the determined average stresses. 
Agreement between calculated and determined stresses 
over the full stress range should improve with improve- 
ment of surfaces and hardness. 

Stresses calculated are compressive. According to Al- 
men} fatigue failures do not result from repeated compres- 
sive stresses but only from repeated tension stresses. The 
tension stresses which cause failure in these gear tests must 
be of a lower magnitude than the calculated compressive 
stresses. An idea of the values of the maximum safe re- 
peated tension stresses for steels of these hardnesses is ob- 
tained from the lower curve of Fig. 8. This is the sta- 
tistical relation under ideal conditions between hardness 
and the limiting safe stress for a stress range zero to maxi- 
mum. These stresses are about 80 per cent of the tensile 
strengths and are about 60 per cent higher than the limit- 
ing safe stresses for complete reversal’. They probably 
represent the maximum safe values of the effective ten- 
sion stresses involved in these gear tests. 


Failure Stresses Complex 


The stresses which initiate failure, however, must not be 
simple tension for they originate from two sources: (1) 
The tension component of the operating compressive 
stress, and (2) the tangential tensions in the teeth sur- 
faces developed by the action of the teeth during opera- 
tion. The second is believed to be of greater importance 
because of the conditions peculiar to this test. It will be 
recalled that the test gears rotate in different planes which 
include an angle of 15 degrees; because of this, each tooth 
slides endwise over its mate during the entire period of 
contact. Observations show that the first sign of tooth 
distress during test is a scoring action which develops a 
series of graceful “arrowhead” markings with their apexes 
on the pitch line pointing in the direction of the sliding, 
Fig. 10. This frictional force must develop a high degree 
of tangential tension stress in the tooth surface and it is 
evidently more severe in the driving tooth, for it always 
pits first and more extensively. This is probably asso- 
ciated with the fact that the surface metal in the driving 
gear is pulled away from the pitch line both during en- 
gagement and disengagement whereas, in the driven gear, 
the tendency is to move metal toward the pitch line. 

Microscopic examination of incipiently failed gears in- 
dicated that, first, fatigue cracks form normal to the tooth 
surface as well as to the direction of the surface forces. 
Subsequently, a particle of metal is sheared out from this 
crack in the direction of the force to form a pit which in 
the driving gear is away from the pitch line and in the 
driven gear toward it. This is so characteristic that in- 
spection usually reveals which of a pair of gears was driv- 
ing and which was driven. Once started, the spread of 
pitting is rapid and destructive. At this stage the noise 
emitted increases continuously. 

Use of this machine as a laboratory tool has been highly 
satisfactory and the work is being continued. As an ulti- 
mate aim it is hoped to be able to compare materials of 
gear construction and their treatments but it has been 
learned already that many factors must be closely con- 
trolled. The immediate problem is to specify a finish 
which can always be duplicated since this has been found 
to be of utmost importance. 
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How to Determine Accelerations 


- . « for mechanisms in which key 
points move along paths that rotate 


By Philip K. Slaymaker 
Professor of Machine Design 


University of Nebraska 
Lincoln, Nebr. 


N THE motion analysis of high-speed mechanisms 
| there is frequently encountered the principle known 

by the somewhat forbidding terms “Coriolis’ law” or 
the “compound supplementary acceleration”, disregard of 
which may lead to serious error in calculating inertia 
stresses. It is therefore important that the designer should 
know how to recognize this condition and how to deter- 
mine its magnitude. 

When a point moves along a path while at the same 
time the path itself has an independent motion of trans- 
lation only, the linear acceleration of the point is the vector 
sum of the acceleration of the point relative to the path 
and the acceleration of a coincident point in the path it- 
self. However, if the path rotates, a third acceleration 
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component must be considered. The principle involved 
in working out this third acceleration component is known 
as Coriolis’ law. 

With the idea of making this principle more readily un- 
derstandable to the average engineer, this article demon- 
strates a graphical construction for finding the linear ac- 
celeration of the ram of a shaper. The ram is operated by 
means of the oscillating-arm quick-return motion. 

In order to introduce the graphical construction, prior 
to the discussion of the more difficult quick-return motion, 


Fig. 1—Top—Graphical construction for finding velocities 
and accelerations in simple crank and rocker mechanism 
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the simple construction for the crank and rocker mech- 
anism shown in Fig. 1 will first be explained. 

In Fig. la, PA is the driving crank rotating about the 
center A. The driven crank or rocker oscillates about 
center B and is connected to the driving crank PA by the 
link PQ. The length of PA is designated by R and the 
length of QB by r. 

Point P has a tangential velocity V, which may be rep- 
resented by the vector Pa drawn perpendicular to the 
crank PA with length equal to R. The velocity V, is re- 
solves! into components along and perpendicular to PQ 
by dropping the perpendicular an to PQ. Pn is the com- 
ponent of the velocity V, along PQ, and na is the perpen- 
dicular component. 

To find the tangential velocity of Q, an indefinite line 
is drawn perpendicular to QB. Since all points on the 
link have the same velocity component along the axis of 
the link, the component of Q along the link will be the 


same as that of P. Therefore the component Qm is laid 




















Fig. 2—Replacement of link PQ in Fig. 1 by sliding block 
and slot introduces difficulties in acceleration analysis 


off equal to Pn and a perpendicular erected to the link at 
m, intersecting the line drawn perpendicular to QB at b. 
QB is now marked V, and represents the tangential veloc- 
ity of Q. By transferring the triangle Qbm to the other 
end of the link and imposing Qm on Pn, a new triangle is 
formed whose sides are V,V,M. It should be noted that 
the length M (=ba) will always be either the sum or the 
difference of the perpendicular components of P and Q 
with reference to the link, and represents the tangential 
velocity of QO with respect to P. This new triangle is some- 
times called the “velocity image”. Also it may be noted 
that V, is the vector sum of V, and M. 

The point K in Fig. la should also be noted. If a line 
is drawn from the center B parallel to R it will intersect 
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the line PQ, or PQ extended, at K. This point if consid. 
ered as rotating with r will have the same velocity as P 
because the direction of its motion and its component of 
velocity along the link are the same as for P. The point K 
is therefore called the “point of identical velocity”. 

Accelerations are vector quantities and the acceleration 
of P will therefore equal the vector sum of the acceleration 
of P with respect to Q and the acceleration of Q with re- 
spect to B. However, each acceleration is made up of two 
components. When a point rotates about a center it may 
or may not have an acceleration along the tangent to the 
path of motion, but it will always have an acceleration to- 
ward the center of rotation, which is known as the normal 
acceleration. The total acceleration is the vector sum of 
the normal and tangential accelerations. If all these ac- 
celerations are plotted as vectors they will form a closed 
figure. 

Referring again to Fig. 1, the acceleration polygon is 
plotted beginning with the driving crank, the rotative 
speed of which is known. The normal acceleration of any 
point rotating about a center with tangential velocity V 
and radius R is equal to V?/R or w?R in which » represents 
the angular velocity. 


Scale for Accelerations 


If the tangential velocity is represented by a line equal 
in length to the radius, then V?/R= R?/R=R. In this case, 
as in that of the velocity problem, a vector equal in length 
to the radius will represent to scale the normal accelera- 
tion of P as it rotates about A. 

In Fig. 1b a line is drawn from a point o with a length 
equal to that of the radius R and in the direction of P to- 
ward A. This line is marked @).,,, the arrow showing the 
direction of the acceleration. The symbol dy.nq is read “ac- 
celeration of P normal to A”. As stated before, if the ac- 
celerations are plotted in regular order they will form a 
closed polygon. Since the crank R is rotating at a constant 
speed the tangential acceleration of P with respect to A is 
zero. Hence dynq is, in this case, the total acceleration 
of P. 

Next step is to plot from the terminus of the vector just 
drawn the total acceleration of Q with respect to P. This 
total acceleration is made up of two components, the 
normal and the tangential accelerations. The normal ac- 
celeration of Q with respect to P will be M?/QP. The 
length of this vector is found graphically as follows: On 
Fig. 1a, Qt is drawn perpendicular to QP with length equal 
to M, P connected with t, and ts drawn perpendicular to 
Pt, intersecting PQ extended at s. Qs will be the length 
of the required vector. This can be readily seen for, by 
similar triangles, Qs/Qt=Qt/QOP or Qs=(Qt)?/QP, but 
since M=Qt, Qs=M?/QP=4yn,. In Fig. 1b this value 
is plotted from the terminus of a,.,, in the direction of Q 
toward P. The tangential acceleration of Q with respect 
to P will be perpendicular to the normal component but as 
there are no other data concerning this tangential com- 
ponent, an indefinite line is drawn at the terminus of Gy-1 
and perpendicular to it. 

Since no further progress can be made in this direction, 
but it is known that the polygon must close at the point 0, 
the next step will be to plot the acceleration of Q with re- 
spect to B from the point 0. The normal acceleration is 
V,2/r and the length of this vector is found in the same 
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manner as for Q with respect to P. The line Bb is drawn 
connecting the center B with the end of the velocity vector 
V,. Now a perpendicular to Bb is erected at b, intersect- 
ing BQ extended at s’. Then Qs’ is the length of the re- 
quired acceleration vector. In Fig. 1b this vector is drawn 
from o in the direction of QB and marked a,.,,, the arrow 
again showing the direction of the acceleration. 

To find the tangential acceleration of Q with respect to 
B, a line is drawn at the terminus of a,.,,» and perpendic- 
ular to it. This line will intersect the indefinite line drawn 
perpendicular to aj», and thus close the polygon, fixing 
the lengths of the vectors a,.;, and a,..,. The latter value 
is the one required, viz., the acceleration of Q in its path 
as it oscillates about B. The direction of the arrow will 
show the direction of the acceleration. 

To find the acceleration polygon in the case of the crank 
and slotted rocker shown in Fig. 2, the same procedure as 
the foregoing is followed. In this figure there is again the 
driving crank PA rotating about a center A, but in this 
case the crankpin P is compelled to move in a slot with a 
radius Pc. This slot is a part of a piece rotating about a 
center B, but the point Q of the slotted piece is always co- 
incident with the point P of the driving crank. In other 
words, the link PQ of Fig. 1a has become zero in length in 
Fig. 2. However, it will still be necessary in this new 
mechanism to find the acceleration of Q with respect to P 
in order to complete the acceleration polygon. It will be 
easier to find the acceleration of P with respect to Q rather 
than that of Q to P. The value of the acceleration will be 
the same but its direction will be reversed. 


Equivalent Linkage Aids Concept 


Using the same notation in Fig. 2 as in Fig. 1, the ve- 
locity triangle is constructed. Vector V, represents the 
velocity of P as it rotates about A with radius R. V, rep- 
resents the velocity of Q as it rotates about B with radius 
r. M, the velocity of P with reference to the slot, is drawn 
perpendicular to the radius of the slot for the position 
shown. The radius of the slot has its center at c. Since 
the point P moves in the slot its motion will be the same 
as if it were attached to a link rotating about the point c, 
therefore the link Pc can be substituted for the slot and 
its radius designated q. 

The normal acceleration of P with respect to Q must 
equal the normal acceleration of P with respect to c minus 
the normal acceleration of Q with respect to c. Putting 
this in the form of an equation, 


ap ng = Qp-ne— Ag—ne Tree errr TT Tee eae ee ee oP ee eS. 


but 
 pone= Wa" 
and 


Ag—ne= wr'G 


where the angular velocity of r=w,, and the angular ve- 
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locity of q=wg. Substituting these values in Equation 1, 


Ap_ng= W¢'q — wg POPSHVESE ROE OHKVEKOHD DONO OTH OECD SO OOO SS (2) 


But the absolute value of w, is 


in which w,., is the angular velocity of q with respect to r. 
In applying Equation 3 particular attention must be paid 
to the sign of each term, that is, whether both velocities 




















Fig. 3—In practical shaper quick-return mechanism the 
curved slot of Fig. 2 becomes straight. Analysis is similar 


are in the same sense or in opposite sense. Also, w,.,=M/q. 
Substituting this value in Equation 3, 


Substituting this value of w, in Equation 2, it becomes 


—" we M 2 
ap—-ng= («+—) q—w;q 





The principle involved in the “compound supple- 
mentary acceleration” (2w,M) as finally expressed in 
Equation 5 is known as “Coriolis’ Law”. The normal ac- 
celeration of P with respect to Q always acts as from the 
point of identical velocity K, which is shown in Figs. la 
and 2. The acceleration of Q with respect to P has the 
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same value but acts in the opposite direction. 

That the acceleration of P with respect to Q acts from 
the direction of point K can readily be seen by referring 
to Fig. 2. In this case the points P (on the crank) and Q 
(on the slotted piece) coincide, but each has a definite 
normal acceleration toward the center of rotation c. The 
difference between these values is the required accelera- 
tion of P normal to Q. It will be noted from Fig. 2 that 
the direction of motion of the sliding block will cause q 
to rotate in opposite sense to r, that is, w,., is opposite in 
sign to w,. From Equation 3, w, therefore is numerically 
less than w, and the normal acceleration of P toward c is 
less than that of Q toward c (Equations 1 and 2). This 
gives the relative acceleration a,,,, as coming from K. The 
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Fig. 4—Plot of the velocities and accelerations for an 
oscillating-arm quick-return mechanism for a complete 
cycle. Values represent tangential motion of the arm 


acceleration 4)», of course will be toward K as in the case 
of Fig. 1. 

On the other hand, if the mechanism rotates to a posi- 
tion that will reverse the direction of travel of P, this will 
make w, greater than w, and will reverse the direction of 
the relative acceleration. In such a position, however, the 
point K will shift to the other side of r, hence the rule will 
still apply. 

In most cases the slot is straight, in which event the 
radius q becomes infinity and Equation 5 becomes 


V, 
r 


Ap_ng= 2w,M =2 at ieee init ad ecteinrk el ae 8d oR kee (6) 





To apply the foregoing case of the pin and slotted rocker 
as usually found in the quick-return motion of a shaper the 
procedure is as follows: In Fig. 3a is shown the same ar- 
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rangement as Fig. 2 except that the slot is straight. The 
notation is the same as for Fig. 2. From any point o in 
Fig. 3b as an origin, draw a line equal to R and in the di- 
rection of P to A. This line is marked ay.n4, the direction 
of the arrow indicating the direction of the acceleration, 
The next step is to plot from the termination of this line 
the normal acceleration of Q with respect to P as was 
done in Fig. 1b. The direction, however, in.this case must 
be toward the point of identical velocity, K. The length 
of this line is found by the expression 2(V,/r)M from 
Equation 6. This product is obtained by scaling the lines 
which represent V,, r and M. This line is marked — 
the arrow showing the direction of the acceleration. The 
tangential acceleration of Q with respect to P is unknown 
except that its direction will be perpendicular to Hea 
therefore at the terminus of a,.,, an indefinite line is drawn 
having this direction. 


Normal Acceleration Found Graphically 


Since the acceleration polygon must close at o the next 
step is to plot from o the normal acceleration of Q with 
respect to B, which is equal to V,?/r. This value may be 
obtained by scaling the lines in Fig. 3a or by graphical 
construction as follows: Draw a line from B to the end 
of the velocity vector V, at b. Erect a perpendicular to 
this line at b to intersect BQ extended at s. The line Qs 
will then be the value of the required acceleration. 

This length is plotted from o in the direction of QB and 
marked 4,.,», the direction of the acceleration being shown 
by the arrow. At the termination of this line an indefinite 
line is drawn perpendicular to it to meet the similar line 
drawn perpendicular to dn . This line is the required 
tangential acceleration of Q as it rotates with radius r 
about B, and its direction is such as to close the polygon. 
It is marked a,.4,. The closing of the polygon also deter-: 
mines the value of the acceleration of Q relative to P along 
the slot, a,.15- 

To find the actual value of a,.4,, it will be remembered 
that d).,q was drawn equal to the radius R. Knowing the 
angular velocity of R and the length of the radius, V,’/R 
can readily be calculated. V, in the foregoing case is the 
velocity in feet per second, and R is the radius in feet. 
The length R will represent to scale the value just calcu- 
lated. All other accelerations will be in proportion to the 
lengths of their vectors. 


Accelerations Proportional to Radius 


The connection between the rocker and the ram of the 
shaper is usually at some point along the rocker and be- 
yond the slot. The acceleration of this point is in direct 
proportion to the length of the radius from the center B. 
However, if the ram is connected to this point by means 
of a link then the procedure will be similar to that of the 
crank and rocker (the rocker now being the driver), the 
accelerations of which have just been determined. 

In Fig. 4 is shown the construction for velocity and ac- 
celeration curves for the cutting stroke of a shaper where 
the ram is connected directly to the rocker. The curves 
in this figure show the velocity and acceleration along the 
arc, but the values can be readily resolved along the direc- 
tion of motion of the ram. 
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Trade or Profession? 


ECAUSE of his unique position in industry, the designer is not closely 
B identified either with management or with labor. Although he is 

an employee working under the direction of management he must, 
within his field of authority, exercise the independent thought and judg- 
ment characteristic of a profession. 

Designers, therefore, should consider carefully the possible impli- 
cations in allowing labor unions to organize them into collective bargaining 
groups which include nonprofessional workers. In this movement there 
is danger of lessening the prestige which designers have earned over a 
period of many years. 

That engineers, under the law, need not be compelled to join a union 
is now well established; any group has the right to set up its own inde- 
pendent collective bargaining unit through an election. This unit need 
not be affiliated with a national or local union and is under no compulsion 
to engage in the activities typical of a union. Under such a set-up de- 
signers have an opportunity to preserve their status as professional workers. 

To maintain and enhance this status, however, they need some kind 
of an organization on the professional level that extends beyond the group 
in their own plant. Some designers may choose registration, which accords 
legal recognition of their standing as professional engineers. Others may 
find that active participation in national and local engineering society 
meetings contributes much to their personal and professional development, 
with consequent enhancement of their status. 

The recent formation of a Machine Design group within the American 
Society of Mechanical Engineers—previously reported in these pages— 
offers an opportunity for designers to associate themselves with an organi- 
zation devoted specifically to their interests. This group held its first 
technical session in Detroit last month, and the size and caliber of the 
attendance gave ample evidence of the need for such an organization. 

It is earnestly hoped that designers will give careful thought to the 
future of their chocen calling, resist the temptation to align themselves 
with selfish pressure groups, and jealously guard their present high pro- 
fessional standing. 
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Projector 


Capable of projecting opaque copy such 
as photographs, blue prints, book pages, 
etc., as well as standard lantern slides, this 
machine is fabricated almost entirely of 
sheet metal. Iluminant used is a 500-watt 
projection lamp which, with the aid of a 
specially formed parabolic reflector, directs 
a uniform beam of light upon the copy. 
Large aperture optical systems and a first- 
surfaced evaporated aluminum mirror are 
utilized to provide brilliant, sharp screen 
images. All controls are accessible from 
the exterior and two large 
doors provide access to the 
interior for servicing. Cool- 
ing is effected by a motor- 
driven centrifugal fan. 
Exterior finish is black 
wrinkle. Lens barrel and other trim parts 
are in polished chrome. Manufacturer: 
Charles Beseler Co., New York. 





Bread Slicing Machine 


Bread slicing is effected in this machine by 42 chromium-steel endless blades 
formed in a figure eight, crossed at the slicing zone and operated over upper and lower 
drums which drive the blades. Blade guides are hard chrome-plated tool steel employed 


as inserts in zinc-alloy die castings. 
Steel drums, ball-bearing mounted, 
are double-V-belt driven from a 
motor incorporating a magnetic brake 
which is shut off automatically through 
a pair of bus bars spanning the blades 
and connected by solenoid to a 


throw-out switch. To 
prevent unnecessary 
blade breakage, an auto- 
matic blade-tensioning 
device is used in upper 
and lower drums _ to- 
gether with an overload 
ratchet. Manufacturer: 
Battle Creek Bread 
Wrapping Machine Co., 
Battle Creek, Mich. 


- 
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Home Laundry 


; Entire operating cycle of this machine, including washing, 
: rinsing and damp drying, is controlled by a synchronous-motor- 
driven timer which opens and closes contacts by means of a 
set of cams. These contacts control the drive motor and also 
operate solenoid valves which, in proper sequence, actuate 
automatic mixing valves, drain valve, and a two-speed trans- 
mission. The horizontal-axis type perforated cylinder and 
surrounding tub are steel, coated with porcelain enamel. 
Top of cabinet is finished in porcelain; the remainder in high- 
temperature baked synthetic enamel. Manufacturer: Bendix 
Home Appliances Inc., South Bend, Ind. 














Vacuum Bottle Filler 


Suitable for rapid filling of bottles and jugs within the 
height range of 3 to 13 inches, this machine is controlled 
by a balanced foot valve to permit the operator free use of 
his hands. Dripless valve-type spouts are employed and 
all liquid-contacting parts are either bronze plated or 
stainless steel. Automatically lubricated vacuum pumps, 
along with selector valves and motor, are fully enclosed 
in the cabinet. Pilot lights indicate operative position 

of the vacuum circuits. Manufacturer: 
Ertel Engineering Corp., Kingston, N. Y 














Freezing Unit 


With one frozen-storage and one fast- 
freezing compartment, this freezer has 
an all-steel, welded cabinet finished 
in baked white enamel. Covers are 
sealed with double extruded tubular 
rubber gasketing. Thick fiber-glass 
insulation employed is hermetically 
sealed to prevent moisture and air 
from changing insulation qualities. 
Refrigerant coils are copper, bonded 
| to sides, ends and bottoms of freez- 
ing compartments to insure ef- 

ficient heat transfer. Forced-flow, 
Py large capacity, air-cooled condenser 
is employed. Manufacturer: Ben-Hur 
Mfg. Co., Milwaukee. 
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Precipitator 


This machine recirculates air and removes 90 
per cent or more of all contaminating particles of 
dust, smoke, oil mist, lint or pollen from the air. 
Primary components of the machine are: Blower, 
power pack, ionizer and electronic collector cell. 
The power pack rectifies a-c to d-c and steps up the 
115-volt line supply to 12,000 volts for the ionizer 
and 6000 volts for the collector. As the dust-laden 
air passes through the ionizer, its electrostatic field 
imparts a positive charge to all dust particles. Air 
then passes through the negatively charged col- 
lector plates which collect the dust particles, 
permitting only clean air to pass out of the machine. 
Collector plates are aluminum and are suspended 
vertically from tie rods. Manufacturer: Raytheon 
Mfr. Co., Waltham, Mass. 





Molding Press 








All control mechanisms of this machine—electric, 
air and hydraulic—are built into the two side frames 
and removable full length panels make every control 
readily accessible. Mechanism for measuring powder 
charges is multiple-station, pneumatically controlled. 


oct 
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Thermostatic controls are used for maintaining proper 
temperatures of the electrically heated upper and 
lower platens and an automatic push-off combines 
mechanical and compressed air action to eject pieces 
and clean the mold. A sensitive weight-checking 
mechanism stops the press in event parts are not 
ejected, insufficient material is fed to the mold, etc. 
Frame members are Meehanite castings and the hopper 
is stainless steel. Manufacturer: F. J. Stokes Machine 
Co., Philadelphia. 


(New machines listed on Page 190) 


MACHINE 
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By Carl P. Nachod 
Vice President 


Nachod & United States Signal Co. Inc. 
Louisville, Ky. 


ALCULATION of the square root of the sum or dif- 
ference of two squares—a frequent necessity in en- 
gineering work—is a somewhat tedious procedure 

due to the combination of squaring, adding or subtract- 
ing, and extracting the root. To speed up the calculation 
the nomograph which appears on the next page of this 
Data Sheet will be found useful and sufficiently accurate 
for most purposes. 

Designed to solve the equation 


a=\/b? +c? 


the nomograph may also be used for differences. Since 
a?=b? +c?, by transposition c? = a? — b? or 


Square Root of Sum of Squares 


engineering 


To extend the range of the nomograph it is only neces- 
sary to multiply or divided each of the three quantities by 
the same multiple of 10, or any other number. Thus the 
secant on the chart shows, for example, 


HimMtiitwm DbHp 


8.6=\/5?+72 
or 
.86=/0.5?+0.72_ 
or ae 
86 = \/502 + 702 
or 


4.3 =\/2.5? + 3.52 etc. 


When three or more squares are involved, the result of 
two squares may be transferred to one of the outer scales, 
then a new square taken. For example, if it is required to 


find the value of 
V57+72 +9? 




































c=\V/a?—b? the 8.6 on Fig. 2 may be transferred to the c-scale and the 
value 9 located on the b-scale. A secant joining 
Fig. 1—Basic dimensions for laying out a nomograph for the square these two values would give the weet 12.45. 
root of the sum of squares. The four scales*are“equidistant If three squares are to be considered frequent- 
0 ly, it is quicker and more accurate to add a set of 
ay 20710 /4+ graduations to scale a, as well as a new scale. A 
sketch of the resulting nomograph is shown in 
Fig. 1, the new scale being labeled e and the ad- 
Solves equation: | Example. ditional graduation d. Actually the turning scale, 
wie #, let Ae b, need not be graduated. The two secants solve, 
a=Vctd +e 8.6=V7+4 43 respectively, the equation 
a=\/b? +c? (by secant cab) 
and 
 H %S 4 » 4 » 3 b=\/d?+e? (by secant dbe) 
& N g & N from which b may be eliminated, leaving 
x = |X x . a=Vetd +e 
To use the 4-line chart, Fig. 1, the secant dbe 
connecting d (=4) and e (=8) locates the point 
on the turning scale from which secant cab is 
8 drawn to c (=7). The intersection with scale 
% a (=8.6) is the required answer. 
® Reproduction of Figs. 1 and 2 may be easily 
~~ b § accomplished using a table of squares and an 
~< - engineer's scale divided into 10ths, 20ths and 
— . 
£ rr _ 40ths. The equations of the several scales are 
, oo sae all? aa shown in Fig. 1, in which x is the distance in 
ie “Tr ten. Zz inches from the base. All scales are equidistant 
dbe ~~ —~~03 and graduations begin at the base. The advan- 
tage of Fig. 1 is that it does not require the read- 
olo O O ing to be transferred to another scale, which takes 
OC od b e time and is a possible source of error. 
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MACHINE DESIGN 
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Fig. 2—Nomograph for determining the square root of the sum of two squares. Answer is found on the middle scale 
156 Macune Desicn—July, 1946 








Lk 
mec 
sign 
und 
chin 
devi 
der | 
the | 
seml 
the 

cent 
loose 


Pc 


auto 
miss: 
to tl 
Stou 
vers: 
or a 
posit 


ratio. 
and 





+ 











F ve INJECTION PUMP IS ELIMINATED by a new 
hydraulic injector for compression-ignition engines cov- 
ered in patent 2,389,492 assigned to Timken Roller Bear- 
ing Co. by H. C. Edwards. Actuated solely by the pres- 
sure of the air compressed in the engine cylinder, the 
device utilizes the pressure uf by-passed fuel to determine 
the exact quantity of fuel delivered to the cylinder. 


Losr MOTION IN JACK SCREWS or lead-screw 
mechanisms is effectively obviated with a nut device as- 
signed to Lockheed Aircraft Corp. by George A. Caroll 
under patent 2,385,194. Particularly adaptable to ma- 
chine tool feed mechanisms, cowl flap jacks, tab operating 
devices, etc., the arrangement operates automatically un- 
der all conditions to prevent backlash due to wear whether 
the nut is stationary or traveling. Adjusted simply at as- 
sembly, the compensating means remains effective until 
the screw threads have worn to approximately 25 per 
cent of their original size, whereupon the unit becomes 
loose to serve as a tell-tale. 


P OSITIVE CLUTCH MECHANISM for effecting an 
automatic shift between two of the gear ratios of a trans- 
mission is covered by patent 2,384,439 recently assigned 
to the Borg-Warner Corp. by H. E. Carnagua and K. K. 
Stough. Shift from a low ratio to a high ratio and vice 
versa is made automatically in response to a decelerating 
or accelerating torque load, respectively, by means of a 
positive jaw clutch mounted on a helically splined shaft. 
The clutch member, when automatically engaging in either 
ratio, energizes both a frictional synchronizing mechanism 
and a positive locking means. 


- 

E QUALIZED TRAVEL of two or more spaced hydraulic 
rams is achieved by means of a novel valve arrangement 
covered by patent 2,377,007. Assigned to the American 
Steel Foundries by Relza J. Hess, this simple unit em- 
bodies a valve and control lever so arranged that any 
tendency for one ram to move ahead of another is im- 
mediately and directly offset by the action on the valve 
of the lever which is attached to the moving platen. 

ge in proportion of fluid directed to the rams is ac- 
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complished without effecting any change in capacity of 
the valve. Owing to increased effective length of the 
actuating lever as the rams descend, accuracy and sensi- 
tivity increases reaching a maximum at final position. 


T WO-SPEED DRIVE and clutch assembly which util- 
izes a novel ball clutch speed-changing mechanism is cov- 
ered by patent 2,377,575 assigned to Nineteen Hundred 
Corp. by Luther Ringer. Adaptable primarily to light 
domnestic machines such as ironers, the device is simple 
to operate, reliable and economical to manufacture. 


S ELECTIVE SPEED CONTROL by means of infinite- 
ly variable magnetic restraint of planetary action is 
covered by patent 2,385,630 assigned to Lear Inc. by 
William P. Lear. Control of a magnetically actuated 
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friction plate by adjustment of a rheostat creates in effect 
a restrained or controlled rotation of planetary gearing, 
thereby varying the ratio between driving and driven 
speeds over a wide range. 


A listing of expiring patents is now available to those 
interested. This service is being set up as a weekly fea- 
ture by the Scientific Development Corp., 614 West 49th 
St., New York 19, from whom details can be obtained by 
writing direct. 
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of Engineering Parts, Materials and Processes 





Plastic Design Reduces Inertia 


USED IN the citrus fruit industry, counter paddles, shown 
below, are molded of Tenite (cellulose acetate butyrate) plastics 
material. The paddle, which touches the fruit as it travels down 
the belt, must possess light weight and toughness to prevent 
bruising, and also to prevent bouncing after being struck by the 
fast-traveling fruit. Weighing only 2%-0z., the counter contains 
electrical apparatus to record the number of units passing by. 
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Flame Spinning 


UBE CLOSURES as well as diameter reduc- 

tions to any particular configuration are made 
possible by the Linde Process of flame spin- 
ning left. Limited only by the ratio of tube diameter 
to wall thickness, which should not exceed 50 to 1, 
the process provides a rapid method of forming 
thick-walled cylinders. Essentially, the technique 
consists of heating the tube with oxy-acetylene flame 
and forming into the desired shape while rotating. 
Inasmuch as heating and forming must be performed 
simultaneously, the flame heads, the lubricant feeder 
and the forming tool are mounted upon a common 
carriage. Spinning tools used are either cams or 
formed rollers. 





Unique Hydraulic Cylinder 


SLIDING CONTACT between the piston and the 
cylinder wall is eliminated in the landing gear cyt 
inders, above, by the use of stationary bearings lo- 
cated in the lower half of the cylinder. Piston co® 
tact being thus avoided, the cylinder interior 
only be broached—honing is not necessary. 
Electrol landing gear is a straight-leg, full cantilev@ 
design which is used on fixed or retractable under 
carriages. 
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New Wire Makes Cleaner Design 


ELIMINATING the danger of loose, dragging wires, 
control circuits are connected in the vertical turret lathe 
shown at right by means of Kellogg Kords. Both tur- 
ret head and ram have hydraulically operated stops ac- 
tuated by two permanently positioned solenoids con- 
trolled by micro-switches mounted on the carriage at 
each head. Solenoids and switches are connected by 
Koiled Kords which stretch and retract to suit the hori- 
zontal or vertical traverse of either head. Use of neo- 
prene-covered spring wire reduces the danger of opera- 
tional interference which might be caused by tangling 
or looping of conventional type cords. 
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Sealed Unit Has Increased Life 


MAKING the motor an integral part of the grinder 
spindle and increasing the service life, the Pope unit, 
left, eliminates many problems of dust and lubrication. The 
construction simplifies adjustment in the complete machine. 


Coupling Simplifies Design 


SIMPLIFYING design, expediting manufacture, the 
Gleason couplings in the two-throw crankshaft, left, used 
in a radial aircraft engine, make possible the use of solid 
connecting-rod bearings in place of the split type other- 
wise required. The couplings have radially-ground teeth 
of precise construction, the crankshaft assembly was made 
from completely interchangeable parts. In addition to 
transmitting torque, the coupling serves to align the parts, 
and other means of centering are unnecessary. 


Cooled by Copper Fins 


SUBSTITUTING copper laminations for air passages in 
motors, Westinghouse engineers have simplified the prob- 
lem of designing totally enclosed fan cooled motors. Utiliz- 
ing the fact that copper is a ten times better conducter 
than iron, stator punchings are made of thin copper sheets 
exactly like the iron 
punchings, but some- 
what longer. These cop- 
per punchings are 
spaced at intervals with 
the steel punchings giv- 
ing, in effect, circular 
fins projecting beyond 
the stator iron, see il- 
lustration, left. Be- 
cause these disks are 
in intimate contact with 
the iron, where the 
heat is generated, they 
are able to conduct 
heat to the back of the 
stator where it can be 
removed by the air re- 
circulated by the fan. 
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ASSETS to a BOOKCASE 


Practical Design of Exhaust and Blower Systems 


By E. A. Favalora; published by Edwin A. Scott 
Publishing Co., Inc., New York; 274 pages, 6 x 8 
inches, clothbound; available through Macwine De- 
SIGN, $3.00 postpaid. 


Treating a subject of increasing importance in the ma- 
chine design field,the author has drawn upon twenty-five 
years of experience in exhaust and blower system work to 
present-a comprehensive treatment. Avoiding too mathe- 
matical an approach, Mr Favalora has introduced numerous 
examples of typical problems, as well as appropriate charts 
and drawings. Design of ducts and piping, dampers and 
hoods, separators and arresters are treated as well as selec- 
tion of proper fans and blowers and the removal of dust 
from machines. 

The book may be considered to consist of two sections. 
The first treats fluid flow. Approaching the problem 
from the emperical aspect, a discussion of individual flow 
conditions is made, followed by a series of typical prob- 
lems. Among the subjects considered are: velocity and 
pressure calculations, test instruments and their use, pipe 
friction loss, orifice loss, and velocity requirements of var- 
ious collection systems. The last section of the book 
which may be defined as covering mechanical and struc- 
tural design, considers: Blower characteristics, dust sepa- 
raters, dust removal, framing and other topics. 

Of particular interest to designers, illustrations of proper 
duct and valve designs are given, accompanied by cases 
of faulty construction. Profuse use is made of time- 
saving tables and charts, 
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Plastics Mold Engineering 


By J. H. DuBois, executive engineer, Shaw Insulator 
Co., and W. I. Primble, product engineer, plastic divi- 
sion, General Electric Co.; published by the American 
Technical Society, Chicago; 494 pages, 6 x 8%-inches, 
clothbound; available through Macuine Desicn, $7.00 
postpaid. 


Prepared with the intention of discussing the design 
and use of important types of plastic molds, this book helps 
to fill a void in design information in a growing field. As 
is pointed out by the authors, mold-making practice has 
been considered a trade secret in many quarters. This 
lack of dissemination of knowledge and experience has re- 
tarded the growth of the plastics industry. Accordingly, 
the book may be considered a timely reference text for 
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the mold designer, but it is also an instructive work of 
interest to the engineer concerned with the design of 
plastics parts. This fact is made evident by a considera- 
tion of the wide selection of materials available, of the 
methods of molding from which to choose, and of the 
design factors contingent upon the molding technique. 

Three general aspects of the molding problems are 
covered in the book. In the first portion, the authors con- 
sider the properties of plastics and the proper design of 
the product. A description is made of the general molding 
problem, clarifying the problems involved. The more com- 
mon plastic materials are considered, their physical prop- 
erties and the types of molding procedure to which they are 
suited are discussed briefly. Proper design of plastic parts 
is covered at length. Such factors as dimensional toler- 
ances, parting lines, and the proper use of inserts are given 
attention. The authors then introduce the reader to the 
basis of mold design. General types of molds, the ap- 
plications of these types, the materials for molds, and the 
manufacturing machines and techniques are covered. The 
last 300 pages of the book are concerned with the mathe- 
matics and geometry of mold design. 

To the engineer concerned with the design of molds, 
this book will prove to be an excellent source of basic data. 
The subject is covered in not only a qualitative manner, 
but in a detailed quantitative way. In a section entitled 
“Designing and Drafting Room Practice,” the authors have 
compiled numerous specific examples of mold designs in 
which dimensions and tolerances are given and explained. 
Under the subject of mold design, examples are given of 
typical design calculations. A 39 page appendix contains 
numerous conversion charts and tables of data not com- 
monly available. 


An outstanding handbook on leather and synthetic rub- 
ber mechanical packings has been published under the 
title, “Mechanical Packings Manual”, by the Graton and 
Knight Co. Matcrial contained in this volume compiled 
by Everett H. Clark, manager of the Packings Sales Div 
sion of the company, is based upon engineering and re 
search data accumulated over a long period of time in the 
solving of a great many industrial packings problems. 

Replete with drawings, photographs and data sheets, 
the manual is an excellent textbook for anyone desirous 
acquiring a working knowledge of good packing practice 
Chapters 3, 4, 5, 6, and 7 should be of considerable a 
sistance to the machine designer in the selection and ap 
plication of the proper type of mechanical packing as wel 
as in the design of the machine parts adjacent to the pack 
ing points on hydraulic or pneumatic equipment. 
book, bound in genuine leather, contains 336 pages, 6 by 
9 inches, and is available at $4.50 from Graton and Knight 
Co., Worcester 4, Mass. 
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Hydraulic Power-Unit 


MULTI-UNIT Hy- 
drOILic Power—a 
group of “packaged” 
hydraulic press com- 
ponents in compact, 
unit form, has been 
announced by The 
Denison Engineering 
Co., 1160 Dublin Rd., 
Columbus, O. Fully 
standardized, a means is offered of installing oil-hydraulic 
pressure action in equipment especially designed to meet 
unusual or specific manufacturing needs. These individual 
components include compact and easily moved pumping 
units in two models, and five models of power heads. 
The pumping unit of these multiunits incorporates elec- 
tric motor, hydraulic pump, pressure regulating valve, 
reservoir for the hydraulic fluid, and oil level gage. The 
components are available in 4 and 6 ton capacities, both 
having the same dimensional specifications. 





Precision Snap-Switch 


SNAP SWITCHES, identified as class 9007 Type A, have 
been announced by the Square D Co., 4041 North Rich- 
ards Street, Milwaukee 12. Measuring 2% in. long, 1-in. 
high, and %-in. wide, the snap switch features husky 





construction, unusual mounting convenience and 550-volt 
tating. The device is described as a self-contained mech- 
anism for making or breaking a circuit, in a small space, 
with a short movement and light pressure. 


Permanent-Magnet Materials 


Five NEW permanent-magnet materials, known as 
Cunico, Cunife, Vectolite, Alnico 12 and Silmanal, have 
been announced by the General Electric Co., Schenectady, 
N. Y. Cunico, which is age hardening, is available in rod, 
strip or wire form, and is furnished only in the final shape. 
The material, being malleable and machinable, permits 
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screw-machine manufacture. Cunife has the physical 
properties of Cunico, differing in having directional prop- 
erties and must be magnetized in the direction of cold- 
working to obtain highest magnetic quality. The magnets 
are made from wire stock in round, square or rectangular 
form. Wire, can, however, be flattened to make thin 
narrow shapes. Vectolite is the first nonmetallic, noncon- 
ducting magnet material made. It is a hardened, sintered 
combination of iron rust and cobalt oxide. These magnets 
are extremely light and their nonconductive properties 
prevent electrical losses caused by conduction of current. 


~) # oO 


* 3 8 
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Alnico 12 material is cast and must be ground to shape. 
Magnets of this material are useful in tachometer gen- 
erators and electronic devices. Silmanal is ductile and 
malleable and is available in rod, strip or wire form. 


Variable-Speed Transmission 


NEw MODELS of its variable-speed transmission have 
been announced by the Graham Transmissions Inc., 3754 
N. Holton St., Milwaukee 12. Though bearing no major 
design change, the models have been improved in detail 
and materials to provide weight and size reduction as well 





as improved performance. It is said by the manufacturer 
that by reasons of manufacturing economies, the new units 
having the same standards as the old are available at 
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prices in line with low-cost equipment. Two sizes are 
offered: Model 15 for motors up to %-hp, and model 40 
for motors to 3/4-hp. Both models are available in a 
variety of controls. 


Plug-In Relays 


| (HERMETICALLY sealed 
plug-in relays developed 
by the Ward Leonard Elec- 
tric Co., Mount Vernon, 
N. Y., are designed for ap- 
plication where space is 
limited. Completely en- 
cased in a cylindrical can, 
these compact midget type 
relays provide protection 
against adverse atmos- 
pheric conditions such as 
moisture, dust, gases, cor- 
rosion, etc. Relay coil and contact connections are to- 
tally enclosed within the metal housing and are brought 
to the prongs of a standard octal plug base. Vibration 
resistant, the relays are available in contact combinations 
up to double-pole double-throw, with a-c contact ratings 
of 4 amperes from 0 to 115 volts, and d-c contact rat- 
ings of 0.5 amperes from 25 to 115 volts. 
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New Fastener 


WASHER HEAD RIVNUTS, one piece internally- 
threaded and counterbored tubular rivets, have been de- 
veloped for use in fastening plywood sections to steel 
supports. Announced by the B. F. Goodrich Co., Akron, 
the Rivnut at present available for this purpose is cad- 











mium-plated steel in 6-32 thread. The fastener may be 
used for fastening %-inch plywood to 1/16-inch steel sec- 
tions. It is said of the Rivnut that it will not vibrate 
loose, will not pull through the plywood, and that it fits 
flush with the surface. 


Small Snap Switch 


DESIGNED AND marketed by Robert Hetherington & 
Son Inc., Sharon Hill, Pa., the new small snap switch is 
only 9/16-in. in diameter and 31/32-in. in length overall. 
Complete in itself, it can also be furnished with special 


162 


ss, 


over-travel adapters and special mounting sockets. A pres- 
sure of 4 Ib is required to operate this switch which js 
rated at 15 amp at 110 v alternating current. It can be 
supplied normally-open, normally-closed, two-circuits or 
single-pole double-throw. Load ratings are based on the 
tungsten filament test. 


Sanitary Level Control 


SANITARY LEVEL control series P17, offered by Photo- 
switch Inc., 77 Broadway, Cambridge 42, Mass., makes 
available to the dairy and food processing industries a 
series of electronic relays for level control of all liquids, 
Contact with the liquid is made only by stainless stee] 








probe rods. Being a floatless level control, containing no 
vacuum tubes and operating with low voltage in the probe 
circuit, Series P17 meets all requirements of sanitary 
and health boards. Stainless steel probe rods are sus- 
pended into the tank from the probe fittings. When level 
of liquid in the tank falls below lower probe, level con- 
trol closes the circuit controlling the pump and the tank 
fills. When liquid rises to the level of the upper probe, 
the circuit controlling the pump opens and the pumping 
operation stops. For pumping-out control, operations are 
reversed. The starter is designed for 115 or 230 volts 
circuit, 60 cycles alternating current. Power consumption 
is %-watt. Contacts are 300 watts at 115 or 230 volts 
alternating current. The probe circuit will carry a re- 
sistance as high as 3500 ohms. 


Miniature 2 hp Motor 


AN EXTRA-COMPACT and light 2 hp explosionproof 
motor has been developed for continuous duty by Electr- 
cal Engineering and Mfg. Corp., 4606 W. Jefferson Blvd., Los 





bana J salad 


Angeles. A direct current aircraft type with armature speed 
of 9000 rpm, the motor is available at any output shaft 
speed desired. An integrally built gear reducer, supplied 
where lower speeds are required, adds only two poun 

to the basic weight of 15 pounds. A ball bearing motor, 
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Made to your precise speci- 
fication in Sleeve Bearings, 
fabricated into washers, 
thrust plates and sold in 
coil form. 






... Write TODAY for this 
new literature on Johnson 


BRONZE-ON-STEEL. 





JOHNSON 


SLEEVE BEARING 
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5255S. MILL STREET 


| Here is a new and unusual Sleeve Bearing ma- 
| terial that combines the excellent bearing char- 


acteristics of a high grade bronze alloy with the 
strength of steel. It enables manufacturers to 
increase speeds and loads . . . to give longer 
bearing life with smooth operation .. . plus 
greater resistance to shock and to wear. Pre- 
Cast Bearing BRONZE-ON-STEEL produces a 
thin wall, laminated type of bearing. The fabri- 
cating process, essentially a series of stamping 
and forming operation, provides accuracy and 
precision. It is low in cost, particularly in long 
productign runs. 


In addition to its wide use as Sleeve Bearings, 
Pre-Cast BRONZE-ON-STEEL serves many other 
important applications in industry. Many con- 
cerns use it for stampings, washers, guide strips 
and other flat pieces. For such purposes we can 
supply it in coils with a maximum width of 5-1/2” 
and a range of thickness from 1/32’ to 3/32”. 


Excellent delivery is now possible on both 
finished bearings, parts or coils. Why not in- 
vestigate the possibilities of using BRONZE-ON- 
STEEL in your product? A Johnson Engineer will 
be glad to show you how and to explain its 
many advantages. There is a Johnson Bronze 
man as near as your phone. Why not call him 


in TODAY? 


Che 
MOST 
COMPLETE 


cans | HEADQUARTERS 


SERVICE 


mae NEW CASTLE, PA. 
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it is completely insulated with glass insulation and high 
temperature varnishes, operating temperature is rated at 
75 C over an ambient of 25 C. Models are available 
for operation on 28, 32, or 110 volts, direct current. 


Flexible Coupling 


I NTRODUCED by the Gear Grinding Machine Co., 3901 
Christopher St., Detroit 11, is a ball type of axial and 
angular flexible coupling. Named the “Ballflex”, the 
coupling obtains its flexibility by mechanical means only. 
Friction is reduced by the use of hardened and ground 
steel balls through which all torque is transmitted. Free 
rolling in any direction, side thrust and bending motion, 
both in the coupling and mounting bearing is eliminated. 
The unit is made without flexible disks or sliding members. 
The dust seal is an oil impervious synthetic material which 
retains the lubricant. Available for shafts to 1 3/4-inches 





in diameter, the coupling will accommodate parallel mis- 
alignment up to 1/8-inch, and angularity up to 3 degrees. 
Capacity ratings are three horsepower per 1000 rpm for 
normal loads, to one horsepower per 100 rpm for heavy 
shock loads. 


Hydraulic Cylinders 


ANNOUNCED by the Anker-Holth Mfg. Co., Port 
Huron, Mich., is a complete new line of non-rotating-hy- 
draulic cylinders. Designed for pressures to 2000 psi, the 





cylinders include special features such as: Cushioned cy]l- 
inders, two-way action, step-seal piston rings, and safety 
factor of 6 to 1. The cylinders are available in a num- 
ber of standard mountings, and a wide range of strokes 
and sizes are furnished. 


New Fastener 


IN USE DURING the war on combat planes, the Lion 
fastener is now available for peacetime application. Man- 
ufactured by the Lion Fastener, Inc., Honeoye Falls, N. Y., 
it is a positive locking device to be applied to removable 
plywood, metal, plastic strips, channels or housings. Con- 
sisting of two parts—stud and cantilever spring assembly 
—the stud is of solid one-piece construction with should- 
ers forged in opposite sides to form the locking member. 
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Studs are available in headless, flush head, or wing head 
types. The spring assembly, comprised of cantilever type 
spring and base, is a pre-assembled unit ready to install, 
The base forms a supporting member for the spring under 
extreme loads. Of floating leaf construction, the spring is 








held by retained lugs at each end of the base. It is formed 
with a double set of grooves and cams which firmly in- 
terlock with the notched shoulders of the stud. Spot 
welded or riveted in place, the fasteners eliminate pro- 
jecting handles, knobs and heavy bolts. 


Multiple-Position Switch 


ANNOUNCED by the General Control Co., 1200 Soldiers 
Field Rd.; Boston 34, is a new nine-position pushbutton 
switch. The switch is of sturdy construction with all parts 
of noncorrosive materials. Contacts are fine silver, perm- 
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anently riveted to phosphor-bronze springs. The unit is 
available also in a locking frame type which has eight 
positions and one reset position. In this type any switching 
combination which has been set can be released by one 
operation of the reset button. 


Switch with Over-Travel Device 


r ) DESIGNED to pro- 
- vide flexibility in ap- 
plications where the 
switch may be sub- 
jected to shock and 
vibration, the type 
EP-203 Mu-Switch as- 
: sembly comprises 4 
' , standard Mu-Switch 

contained in a rigid 
bracket in which is incorporated a long-throw over-travel 
mechanism. The operating force is applied in a direction 
parallel to the moving elements of the switch rather 
than perpendicular as has been customary in the past. 
The force and movement characteristics are governed 
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Many a firm goes to magnesium for its unique lightness . . . and then 

* chalks up additional boosts in production because it's so easy to work. 
Modern plants that use magnesium find it saves time, labor, and tools 
through this exceptional workability. 


/ Magnesium is easy to saw, with band and circular saws and also hand 
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Za Z and power hack saws. It permits larger cuts per tooth than other 
Ze 



























































on structural metals. And it can be worked faster and easier than most 
rts ’ metals by hand tools—chipping tools, drills, burrs, chisels, planes, and 
n- portable milling cutters. 
As the first step toward applying these important economies fo your 
own product, you need only get in touch with the nearest Dow office. 
y Technical consultants are at your Service. 
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by the overtravel device, and are independent of the nor- 
mal characteristics of the switch assembled to it. Permit- 
ting single-hole mounting in panels up to %-inch in thick- 
ness, the switch occupies a total space of 2% x 2% x %- 
inch. The unit, which is manufactured by the Mu-Switch 
Corp., Canton, Massachusetts, can be furnished with the 
standard type M or type A Mu-Switch for ac loads up to 
15 amp. or with a type F Mu-Switch for de loads up to 
1% kw at 280 v. 


Spherical Roller Thrust Bearing 


IDDEVELOPMENT of a new type of roller bearing cap- 
able of carrying heavier loads at higher speeds and lower 
temperatures is announced by SKF Industries, Inc., Front 
St. and Erie Ave., Philadelphia 34. The bearing’s self- 
aligning principle, which compensates for shaft deflections, 
distortions or weaves, permits heavy loads to be distrib- 
uted evenly over all rollers and eliminates danger of over- 
loading. Ability of the bearing to carry heavy loads at 





high speeds is said to be possible because of unique de- 
sign permitting more effective lubrication. Making a con- 
tained assembly, a cage retaining sleeve pressed into the 
bore of the inner ring contains the rollers, cage and inner 
ring. Typical applications of the new bearing include 
marine propeller shafts blocks, roll necks, thrust mountings 
for railroad turntables, water wheels, and extrusion ma- 
chinery. 


Sensitive Electronic Relay 


FUNCTIONING by means of an application of the hot- 
cathode thyratron, a new electronic relay has been an- 
nounced by the Automatic Temperature Control Co., 34 
E. Logan St., Philadelphia 44. Operating from a 60-cycle 
110-volt power supply, the switch is snap acting, and has 
a high-load contact capacity. It trips by either an ex- 
ternal contact carrying three microamperes or any ex- 
ternal circuit the value of which drops to one megohm 
pure resistance. Applications suggested are: Use in photo- 
tube circuits, motion and limit control, and liquid-level 
control. 


Lightweight Structural Material 


FEATHER WEIGHT construction material of high 
strength has been announced jointly by the Glenn L. Mar- 
tin Co. of Baltimore, and the United States Plywood Corp. 
616 W. 46 St. New York. Made of a newly developed 
“honeycomb” of phenolic impregnated cloth or paper sand- 
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wiched between and firmly bonded to thin sheets of facing 
material, the new waterproof sheets are said to possess 
high structural strength. Various materials such as alum- 
inum alloys, stainless steel, wood veneers, or plastics can 
be used for facings either singly or in combination. The 





edges of the honeycomb sheets may be sealed against 
moisture, making slab construction feasible without fear 
of warping. Thickness of the core may be from %-inch up- 
ward, and sheets as large as 7 x 30 feet have been made. 
Curved sheets are under development. 


Hydraulic Pump 


fal ROVIDING a compact source of hydraulic power, a 
5000-lb unit called the “Superdraulic Pump”, is announced 
(see Macuine Desicn, March, P. 141) by Hydraulic 
Machinery, Inc., and Superdraulic Corp., 12825 Ford Rd., 


| 











Dearborn Mich. Utilizing multiple, radial pistons driven 
by female, elliptical cams, the pump is available in either 
constant or variable delivery types. The unit is claimed 
by the manufacturer to eliminate the need for intensifiers 
and accumulators, and to provide a single source for high- 
pressure, high-volume hydraulic power. Light enough 
for a man to carry, the pump is rated at 5000 psi at 40 hp 
and 1200 rpm. Capacity may be varied from zero to 
seventeen gallons per minute. 


Double-Throw Foot Switch 


PRODUCTION 
has recently been 
announced by the 
Industrial Timer 
Corp., 117 Edison 
Place, Newark 5, 
N. J., of the “Time- 
O-Light” foot 
switch. Incorpo- 
rating a_ single- 
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THE NAVY HAS TO BE SURE OF 
ITS UPS AND DOWNS! 





How VIM Leather Packings solved a wartime problem 
AVM Leathe, rene e+. and serve in peace as well 


ing, supplied in sets for 
hydraulic use. Hough- 
ton also furnishes syn- 
thetic rubber packings 
and “O” Rings. 





When cruisers were being hurriedly converted to “flat-tops” to 
give the Navy more eyes for submarine detection, a serious 
problem arose. Hydraulic elevators failed to function perfectly; 
planes on storage deck were delayed getting “upstairs,” and 
those on the flight deck couldn’t be stowed away rapidly 
enough to make room for more home-coming “birds.” 


, The shipbuilder, elevator supplier and Navy officials conferred 
yer in the Houghton Man. A simple change in packing design was recommended 
and made, and the hydraulic mechanism worked perfectly thereafter. 


The war is over, but need for packings increases as peace-time hydraulic applications 
multiply. Our technical staff is ready to help in your design problem. Write E. F. 
HOUGHTON & CO., 303 W. Lehigh Ave., Philadelphia 33, Pa., and all principal cities. 


ges TIME Lenten Peking, 
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pole, double-throw, snap-action switch having silver con- 
tacts, it is sturdily built, with non-skid base. When the 
treadle is depressed, 1500 watts is supplied to each of two 
outlets. With the treadle in the normal position, 1500 
watts is supplied to a third outlet only. A low-power 
neon light in the pedal indicates its position in the dark. 
The switch may be used with photographic equipment, in 
which connection the pilot light is not strong enough to fog 
photographic paper. Motor-driven industrial equipment 
up to one horsepower also may be controlled. 


Pump Unit For Oil 
For HANDLING bunker “C” fuel oil and liquids of 


similar characteristics, a new special rotary pumping unit 
has been developed by Blackmer Pump Co., Grand Rapids, 
Mich. Operating on the “bucket design” (swinging vane) 





principle, the pump is seif-adjusting for wear, with no 
loss of capacity during the life of the buckets. When 
worn to the critical point these may be replaced by re- 
moving the head of the pump, pulling out the worn ones, 
and inserting new buckets. Power unit of the pump is a 
gearhead motor of 50 hp with a speed of 150 rpm at the 
drive shaft connected to the pump by a flexible coupling. 
Pump has a capacity of 500 gpm, and operates at a 
pressure of 125 psi. 


Remotely Operated Switch 


BEING FREQUENCY -CONTROLLED tuned relays, 
the switches developed by Stevens-Arold Co. Inc., 22 
Elkins St., South Boston, Mass., are particularly well 





suited for remote control applications either with wire or 
radio as the carrier medium. For radio application the 
switches are sufficiently sensitive so that when made on 
special order that they can be controlled from either a 
crystal detector or vacuum-tube receiver. Response time 
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is only a small fraction of a second, Switches are adjusted 
to accept a selected band of frequencies in the range of 
20 to 800 cycles per second and to reject all others. More 
than one switch may be connected together, providing a 
means of selective switching by a choice of frequency 
bands. Ratings of 1 to 10 amperes, 115 volts alternating 
current are available. 


Self-Tapping Screw 


DESIGNED especially for 
making fastenings to compara- 
tively thin sections and bosses 
in friable and brittle plastics, the 
type F-Z self-tapping screw has 
been announced by Parker- 
Kalon, 200 Varick St., New York 
14, N. Y. This screw combines 
the thread-cutting characteris- 
tics of the P-K type F screw 
with the coarse-pitch thread ad- 
vantages of the P-K Type Z 
screw. Five cutting flutes of 
this fastener distribute cutting 
pressure evenly, prevent localized pressure and cracking, 
especially in brittle plastics, by permitting chips to drop 
to the bottom of the hole. The low stresses said to be 
set up by this new screw permit design of plastic shells 
with more uniform wall sections. eliminating the necessity 
of inserts in plastic assemblies with no sacrifice in strength. 





One-Piece Lock Nuts 


S EMIFINISHED, one-piece, self-locking nuts of standard 
dimensions, offered by Grip Nut Co., 310-W South Michi- 
gan Ave., Chicago 4, are not affected by oil, water or 








chemicals, The triangular deflections on top of the nut 
provide a controlled friction lock. Nut is free-spinning 
until the bolt threads contact the deflected threads near 
the top of the nut. These hexagon nuts are available in 
the following sizes: 1/4, 5/16, 3/8, 7/16, 1/2, 9/16, 
5/8, and 3/4-inch (American Standard heavy and Amer- 
ican Standard regular). 


New Plastic 


AN INDUSTRIAL plastic that withstands acids which 
dissolve gold and platinum and retains its strength and 
form through wide temperature ranges has been al- 
nounced by E. I. duPont de Nemours and Co., Wilming- 
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How to Lubricate 
25 (or More) . 

Bearings from 

— One Central 


Point 


system handles 
be designed 





Those metal “veins” and valves of an their performance from the dangers of human 
Alemite System carry the “lubricant life- error. You reduce the number of lubrication points 
blood” to every bearing surface on a machine. to one. You guarantee positive lubrication with- 
Think of it in terms of the machine—any ma- out “time-outs.” You cut repairs to a minimum... 
chine— you're designing now. lengthen machine life . . . increase customer satis- 


faction. It all adds up to More Productive Time 
per machine. And that enhances your reputation 
as a designer. 


No matter if your machine or a battery of them 
has 10, or 25, or 40, 60, or 75 lubrication points. 
The Alemite System reduces them all to one-- 


the one central point where the lubricant is intro- ‘o- 
duced. From there, each bearing receives a meas- Without obligation, have an Alemite Lubrication 
ured quantity of lubricant— and without stopping Specialist demonstrate one or all 4 new Central- 
the machines. ized Systems right at your desk with transparent 


working models. Also, ask for any technical help 
you want regarding Alemite Systems. Drop a note 
on your letterhead to Alemite, 1804 Diversey 
Parkway, Chicago 14, Illinois. 


Proof? For example: a battery of 7 big automatic 
punch presses has a total of 86 bearings. It took 
20 minutes to lubricate each press—and it had 
to be shut down. Bearing failures were frequent. 
Now all 86 bearings are lubricated from one cen- 


tral point while the presses are in operation. Bear- A ; E M I f i BE 
ing failures due to faulty lubrication have ended. =~ | v7 


When you design Alemite Centralized Lubrication Alemite ALONE Combines all 3 in Lubrication 
into your machines you automatically protect 1. EQUIPMENT 2. PROCEDURES 3. LUBRICANTS 
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new pars and melleriala : 


ton Del. Known as “Teflon”, the plastic will withstand 
strong acids and alkalies, and suffers no degradation or 
adversely affected physical properties at either high, or 
very low temperatures. Other desirable properties are 
low power factor, high impact strength, low water ab- 
sorption, and toughness. 


Pressure-Sealed Gasket 


Or SERRATED TYPE, a new gasket of Goetze Gasket 
& Packing Co. Inc., New Brunswick, N. J., consists of 
two disks of metal machined on their external faces with 
standard serrations and welded together around their outer 
periphery. The new gasket combines the pressure and 














corrosion-resistant qualities of metal gaskets with the light 
bolting requirements of a soft sealing medium. Line pres- 
sure entering the interior of the gasket exerts expansion 
pressure in excess of the required sealing force. The gas- 
ket is known as the Bellowseal. 


Solenoid-Controlled Air Vaive 


ea ECENTLY announced 
by the Ross Operating 
Valve Co., 6485 Epworth 
Boulevard, Detroit 10, is a 
piston-poppet solenoid-con- 
trolled pneumatic valve. 
Said ‘to allow operating 
speeds up to 400 cycles per 
minute, with current con- 
sumption of 1.2 amperes at 
110 volts 60 cycles, the 
unit is made with inter- 
changeable parts allowing 
piston poppet replacement with small labor. A model is 
available in 3-way normally-open or normally-closed, 4- 
way, and in %4, %, %, and %-inch sizes. 





Rotary Pump 


MANUFACTURED by the Geo. D. Roper Corp., Rock- 
ford, Illinois, a new series of rotary pumps is useful 
for both hydraulic and pumping service. The units are 
recommended for diesel fuel-oil transfer, pressure lubri- 
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cation, hydraulic service, fuel supply, etc. Known as the 
Series K rotary pump and available in %4, 1%, and 8 gal. 
lons per minute sizes the units are self-lubricated and 





handle suction lifts up to 25 feet. The pumps are avail- 
able with a series of interchangeable mounting brackets 
and adapters, and may be direct connected, as well as 
chain, belt, or gear driven. 





incering Dept 
ae 


New Hatching Stencils 


TIME REQUIRED 
for cross-hatching is 
shortened and neater 
drawings are  pro- 
duced by use of the 
new _Instrumaster 
hatching stencils an- 
nounced by _Instru- 
master Industries, Inc. 
Distributed by John 
R. Cassell Co., Inc., 
110 W. 42nd Street, 
New York 18, the stencil is accurately made from clear, 
nonwarping, nonflammable plastics stock. Aligning marks 
and lettering are indelible debossed, lines at 30, 45, and 
60 degrees to the horizontal can be drawn without a sep- 
arate triangle. Stencils are available in 5 by 6 inches, 
and 6 by 8 inches, sizes. 

















Portable Tachometer 


DESIGNED for accurate testing of over-speed protec- 
tion on turbo electric generators and similar applica- 
tions, the type 48A sensitive tachometer is manufactured 
by the Metron Instrument Co., 432 Lincoln St., Denver. 
Measurements are obtained by use of a low torque head 
functioning as a positive-acting switch connecting react- 
ance in a bridge circuit. Meter indication is thus di- 
rectly proportional to the number of switching operations 
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MADE OF S&L OTISCOLOY STEEL 





— For Higher Strength Without Increased Weight 


Hundreds of thousands of the combination wheels and brakes 
shown above were made of J&L Otiscoloy sheets to provide 
extra strength in supporting weight of practically all big trans- 
ports, bombers and cargo planes. The 40% higher yield strength 
of Otiscoloy made it particularly suitable for this job, especially 
as Otiscoloy has the formability necessary to mass produce this 
intricate part. Otiscoloy also has excellent weldability and 
resists corrosion and abrasion. Write for Otiscoloy booklet. 


JONES & LAUGHLIN STEEL CORPORATION 


PITTSBURGH 30, PENNSYLVANIA 


MACHINE Dersicn—July, 1946 





171 














anantey Dypt 'Epepont 


per minute. Neither the balance nor the response of the 
bridge circuit is affected by line voltage fluctuations be- 
tween 105 and 125 volts in the power source. No vacuum 
tubes or other limited-life components are incorporated 
in the design. Having ranges for 1800 and 3600 rpm 





machines with indicated accuracy within one quarter of 
one per cent, the instrument is said to have excellent 
stability against time, use, temperature, and humidity 
effects. It is supplied complete in carrying case. 


Plastic Sliderule 


To FILL the need for a slide rule of greater dimensional 
stability, the Charles Bruning Co., 4754 Montrose Ave., 
Chicago 41, has recently introduced a new 10-inch slide 
rule. Made of a plastic isaterial said to have remarkable 
dimensional stability, the precision graduations are not 





affected by temperature change. The glass indicator is 
mounted in a polished stainless steel frame that holds it 
firmly in place. Provided on the rule are: A, B, CI, D, 
K, S, L and T scales, as well as inch and centimeter scales 
on the beveled edges of the rule. 


Versatile Meter 


DESIGNED to per- 
mit the user to assem- 
ble a highly accurate 
instrument for use as 
a voltmeter, milliam- 
meter, high and low 
resistance ohmmeter, 
a-c voltmeter or deci- 
bel meter, a new in- 
strument has been an- 
nounced by the 
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Marion Electrical Instrument Co., Manchester, N. H. 
Known as the Multi-Ranger, the instrument is available in 
3%, 4% and 8%-inch sizes and each size is interchange. 
able electrically. Scales are printed in three colors for 
quick identification, covering a 100 degree arc. Ranges 
normally supplied include 0-10-50-250 d-c volts, 0-10-50- 
250 a-c volts, 0-500 ohms and —10 megohms, —10 to 
+14 decibels. By use of the proper multiplier the 0-10 
voltmeter scale can also be used as 0-1000 volt scale, 
Basic sensitivity of the instrument is 400 microamperes, 
and the internal resistance is 500 ohms. Alnico magnets 
are used with the Marion “Bulldozer” moving system. 


White Plastic Diffusers 


F ouR-F OOT WHITE plastic diffusers, announced by 
Edwin F. Guth Co., 2615 Washington Blvd., St. Louis 8, 
snap on or off 40-watt fluorescent lamps to reduce lamp 
brightness and provide efficient diffusion. Known as 
PFC-100’s, they minimize glare. The diffusers have a 
spring-like design that grips the lamp along its length to 
afford easy cleaning and relamping. The shields are said 
to confine lamp heat for better operating temperatures. 


Plastics 
(Concluded from Page 118) 


this will do much to insure a better distribution of insula- 
tion and eliminate hot-spots which often are caused by air 
pockets. In addition, a neater and more mechanically 
secure insulation is obtained. There is, however, a de- 
cided problem of minimizing stresses due to differential 
expansion and contraction between the metal and _ the 
plastic. In applying molded plastic insulation, the arma- 
ture or field coil, complete with windings, is placed into 
the mold as an insert and the plastic forced in under pres- 
sures of 3000 to 5000 psi. 

An extensive line of generators and starters was devel- 
oped by Jack & Heintz Inc. during the war for military 
and commercial aircraft. One large bomber was equipped 
with as many as twenty-four of these units. Molded parts 
are prominently featured throughout the design and con- 
struction of these starters and generators. Some of the 
molded phenolic parts are shown in Fig. 6. It is also in- 
teresting to note that many of these parts were produced 
by jet molding methods. 

In connection with molded parts produced for motors, 
there has been a pronounced standardization toward mold- 
ed brush holders with metal inserts such as that shown in 
Fig. 7. Pressure is usually exerted upon the brushes by 
means of a spring located under the cap. A brush rocker 
ring and slip ring are also shown in Fig. 7. Insulation 
outside of the brush and the brush support must be sub- 
stantial, however, to prevent losses or leakage to the frame 
of the motor. 

Through sound application of basic engineering prin- 
ciples and through correct understanding of the electrical 
properties of plastics, designers will find it possible to de- 
velop new and improved machines offering optimum pet 
formance. 
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atial e r 
the By-pass Skid Damage for Excel Corporation 
_ At this Elkhart, Indiana, plant the manufacture and assembly of steel window 
into sash for Transcontinental, City, School and other types of bus transportation 
res- is on a production basis. 
wel Excel Corporation says: “We have found many advantages since standardizing 
On CLUTCH HEAD Screws: 
ned @ We have definitely increased production. 
arts @ We have by-passed damage to the painted surface through driver slippage. 
20n- @ We feel that the surer driving with CLUTCH HEADS is an important safeguard 
the against injury to our operators. 
in- @ Simplified operation with an ordinary screwdriver has freed us from com- 
ced plaints regarding field-servicing difficulties. 
@ The longer life and easy reconditioning of the Type “A” Bit reduces tool 
ors, cost and saves time.” 
old- Send for samples of screws and Type “A” Bit 
1 in 
by 
ker Non-Tapered Driving No Servicing Problems 
ion All-square contact of screw and becausé CLUTCH HEAD is 
bit eliminates ‘‘ride-out’’ for basically designed to operate 
ub- safer, easier driving. A 60-sec- with any common screw- 
e ond application of the end sur- driver which need only be 
im face toa grinding wheel reasonably accurate in width. 
repeatedly restores this Type Thickness of the blade is a 
-in- ‘‘A’’ Bit to original efficiency. secondary consideration. 
ical 
de- UNITED SCREW AND BOLT CORPORATION 
er- 
CLEVELAND 2 CHICAGO 8 NEW YORK 7 
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Thomas J. Bannan 


Arthur E. Raymond 


THOMAS J. BANNAN, who has 

been active in American Gear Man- 

ufacturers Association activities for a 

number of years, serving as vice pres- 

ident for the past year, has been elected president of the association. Mr. 
Bannan’s entire business career has been with the Western Gear Works, 
Seattle and its associate company, The Pacific Gear & Tool Works which 
organizations he now heads as president. He has given twenty-five years 
of service to these two companies. In addition to serving as president 
of these two affiliated gear organizations, Mr. Bannan is also connected 
currently with other well-known firms. These include president of the 
Webster-Brinkley Co. and the Hallidie Machine Co., and member of 
the board of the Pacific National Bank of Seattle. 


ARTHUR E. RAYMOND has been honored for the second time this 
year: First, his election as president of the Institute of Aeronautical 
Sciences and more recently Southern California appointee of President 
Truman to the National Advisory Committee for Aeronautics. An out- 
standing designer of airplanes, Mr. Raymond holds a masters degree in 
aeronautical engineering from the Massachusetts Institute of Technology. 
He joined Douglas Aircraft Co. Inc. in 1925 as stress analyst, later becom- 
ing a designer. He became assistant chief engineer and, in 1934, chief en- 
gineer. It was under Mr. Raymond’s direction that the DC-series trans- 
ports were engineered and developed, the B-19 bomber was conceived 
and built, and the A-20 attack-bomber was produced. This bomber 
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Harry R. Greenlee 


proved to be one of the most versatile 
warplanes of World War II. At the 
present time Mr. Raymond is vice presi- 
dent in charge of engineering. 


Harry R. GREENLEE with his wide 
background in designing automatic trans- 
missions, clutches, drive lines and vari- 
ous type of special machinery is well 
fitted for his new post as chief engineer 
of L.G.S. Spring Clutch Corp. Mr. 
Greenlee began his engineering work 
with F. S. Bowser & Co. Inc., designing 
gasoline pumps and filling-station equip- 
ment. Then for fifteen years he de- 
signed and developed clutches and trans- 
missions for General Motors. The fol- 
lowing three and one-half years he spent 
with Detroit Gear Division of Borg- 
Warner on the design of various types 
of automatic transmissions and clutches. 
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Weld Peoumilal Sleelmesk 


TO LIGHTWEIGHT METALS 
FOR HEAVY-DUTY WORK 


Lightweight aluminum and stainless steel are used for 
heavy-duty work by welding STEELMESH to the sheets 
for reinforcement. An example is the successful applica- 
tion of flat rolled steel reinforced with STEELMESH 
for the fuselage, wings, tail surfaces and cowlings 
of airplanes. In a given area of STEELMESH, 
only 10% is solid steel (the remainder is inter- 
stices). It is, therefore, possible to spot weld 
this mesh to a thin sheet and secure a composite 
construction much stronger than a solid steel 
sheet of the same weight. 





Airplane Fuselage 
of STEELMESH 
Welded to Stainless 
Steel 





The strength imparted by STEELMESH is due to the 
trusslike formation of the mesh and to the fact that in the 
manufacture of this product, the openings are simul- 
taneously slit and cold drawn or expanded. 
STEELMESH is used in the construction of 
bulkheads, open partitions, insulation support, 
guards and ventilators, lockers, cages, truck 
bodies, shelving, racks, baskets, drying trays, 
gratings, air filters, drainers, storage bins, grille 
work, screening, mastic flooring, dehydrators, 
toys, novelty work and for many other purposes. 
Write for catalog and samples. 


Penn METAL COMPANY, INC. 
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In his connection with H. R. Krueger & Co. he worked for 
a year on designing special machinery. In 1940 he be- 
came ‘associated with the Studebaker Corp. where for four 
and a half years he supervised the design and develop- 
ment of automatic transmissions, clutches, drive lines, and 
special military vehicles. He then joined the L.GS. 
Spring Clutch Corp. as development engineer, later be- 
coming assistant chief engineer and subsequently chief 
engineer, his present position. 

* 

Greorce D. SHAEFFER recently was elected vice presi- 
dent of Gar Wood Industries Inc., Detroit. He had for- 
merly been chief engineer of the company. 

} 

J. R. Fercuson has been appointed director of automo- 
tive engineering of the Packard Motor Car Co. Relin- 
quishing his duties as chief production engineer of the 
company’s war output of aircraft engines, he will take up 
his new work in the expanded peacetime development of 
the Packard car. 

° 

W. W. Burrows Sr., formerly assistant to the first vice 
president and chief engineer of Aircooled Motors Corp., 
Syracuse, N. Y., is now vice president and general man- 
ager of the new company Williamsport Paper Box Co. Inc., 
Williamsport, Pa. 

« 

Cot. Jesse G. VINCENT, vice president in charge of en- 
gineering, Packard Motor Car Co., has been elected to the 
board of directors. With the company since 1912 when 
he joined it as chief-engineer, Colonel Vincent will remain 
in active charge of Packard engineering. 

¢ 


C. A. Peirce, formerly vice president in charge of en- 
gineering, Diamond T Motor Car Co., has been named 
executive vice president. 

° 

Witu1aM H. Horn has been made design engineer in 
the Experimental Engineering Division, Bendix Aviation 
Corp., Detroit. Previously he had been project engineer 
with Stout Research Division, Consolidated Vultee Air- 
craft Corp., Dearborn, Mich. 

’ 


LAWRENCE W. FiscHer, NELSON R. BROWNYER and 
Paut V. Oszorn have recently been elected vice presi- 
dents of the Timken-Detroit Axle Co., Detroit. Connect- 
ed with the engineering department since he came to Tim- 
ken in 1921, Mr. Fischer in his new post will continue in 
an executive engineering and sales capacity. Prior to join- 
ing Timken in 1926 as sales engineer, Mr. Brownyer had 
been chief engineer of Gotfredson Truck Corp. Mr. Os- 
born became associated with Timken in 1941 as assistant 
to the vice president. Previously he had been general 
manager, and later, vice president of the Carrier Corp. 


o 


Vice ApMIRAL Emory S. Lanp, who served as chair- 
man of the SAE Aircraft Engine Subdivision in 1928-1929, 
recently resigned as chairman of the U. S. Maritime Com- 
mission to become president of the Air Transport Associa- 
tion. 

o 


Rosert E. Kerr has joined Hercules Motors Corp., 
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Canton, O., as engine designer. He had formerly been 
layout man with Chevrolet Motor Co. 
° 
RicHarD K. KorEcLer is project engineer in the Heli- 
copter Product Division, Bell Aircraft Corp., Niagara 
Falls, N. Y. Prior to this appointment, Mr. Koegler served 
as head of the design strength section of Curtiss Wright 
Corp. Airplane Division, Buffalo Plant. 
° 
GreorcE K. Fiororr, formerly design engineer with 
Joshua Hendy Iron Works, has joined Pratt & Whitney 
Aircraft, Division of United Aircraft Corp., East Hartford, 


Conn. 
+7 


W. C. Newserc, previously chief engineer, Dodge Chi- 
cago Plant, Division of the Chrysler Corp., has been ap- 
pointed a staff executive of the Chrysler Corp., Detroit. 

. 

MERTON H. Bank, who had been chief engineer of the 
Hydraulic Coupling Division of the American Blower 
Corp., has been named vice president in charge of engi- 
neering and sales, Liquid Drive Corp. The firm, formed 
by Mr. Blank and an associate, will specialize in design- 
ing, manufacturing and selling of hydraulic couplings, as 
well as manufacturing a closed traction type of liquid 
coupling. 

° 

WEs.Ey A. STYER has become a designer with Northrop 
Aircraft Inc., Hawthorne, Calif. He had been section 
head of Goodyear Aircraft Corp., Akron, O. 

° 

Cuar.Les A. GLADDEN Jr. has been named chief engi- 
neer, Gladden-Haas Inc., Owosso, Mich. Previously he 
was test engineer in the Aircraft Engine Division, Conti- 
nental Motors Corp., Muskegon, Mich. 

© 

BERNARD Last, previously a designer with M. W. Kel- 
logg Co., is now design engineer and partner in Imagineer- 
ing Unlimited, Rahway, N. J., which specializes in the de- 
sign and development of special purpose machines. 

e 

Joserpu T. Kuxuavy has joined J. I. Case Co., Rock 

Island, Ill., as senior engineer in charge of engine design. 
. 

W. S. Knets is now body designer with Nash Motor Di- 

vision, Nash-Kelvinator Corp., Detroit. 
° 

WituraM H. PEET, until recently chief engineer, Detroit 
Universal Duplicator Co., is now a partner and chief en- 
gineer of Die Industries, Detroit. 

> 

Cart R. HENNICKE has resigned as chief engineer, 
Eberhard Mfg. Co., Cleveland, to join United Mfg. Co., 
Bedford, O. 


° 

B. F. Ze1cLer Jr. has recently become connected with 
the Vulcan Bearing Machine Co., Dallas, Tex., as produc- 
tion engineer in charge of engineering and production. 

° 

Hupson T. Morton as standards engineer for Fafnir 
Bearing Co. will have charge of coordinating engineering 
standards for the company. Previously he had been con- 
nected with Precision Parts Co. 
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Smart modern designs for garden furniture, lawn mowers, 
wheel barrows, bicycles and cther home utilities can be 
enhanced by use of J&L Electricweld Tubing. Its smooth, 
uniform surface provides an ideal base for painting, 
enameling and electro-plating, and most important its 
inherent strength and quality permits you to build with 
a minimum of weight—to sell the public with ease. Also 
J&L Electricweld Tubing will work smoothly in your 


bending, fabricating and welding operations. 


PITTSBURGH 30, PENNSYLVANIA 
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Improvements in Magnesium Alloys 


AGNESIUM-BASE alloys have entered the fold 

of aircraft structural materials but recently. There 
are a number of reasons for this late arrival. Magnesium 
was not even produced commercially on any important 
scale before the first World War, and the increased pro- 
duction then was used largely in the nonstructural forms 
of ribbon and powder for flares and incendiaries. After 
the war, production again fell to a mere dribble. People 
were afraid of magnesium, and even metallurgists were 
not sure that it was safe to have a bar of it indoors, in the 
event that it should burst into flame. The tremendous 
use of magnesium for incendiary bombs during the recent 
war did not help to allay these fears. There is still 
a fairly prevalent belief that the use of structural mag- 
nesium entails a greater fire hazard than actually exists. 
Almost any metal in a finely divided form can be made 
to burn, and magnesium is not an exception. 

Of the structural forms of magnesium, sheet has pre- 
sented the greatest flammability problem, because its thin 
section permits localized overheating and subsequent 
melting more readily under certain conditions of com- 
bustion. At least for the structural forms of magnesium, 
actual melting of the metal is required before any burning 
can take place. Recently, an alloying addition to mag- 
nesium has been developed which exhibits a remarkable 
inhibiting effect on the burning characteristics of the metal. 
The action of this addition is so potent that magnesium 
sheet is not affected to an appreciably greater extent than 
steel sheet, when subjected to incendiary ignition. 


Corrosion Resistance 


Another obstacle that magnesium alloys have had to 
overcome, before becoming accepted for aircraft, is ex- 
cessive corrosion. The early attempts to utilize mag- 
nesium alloys as engineering materials were not outstand- 
ingly successful because the melting fluxes then used were 
of such a character that they became entrapped in the 
metal, and carried over into the final product. These 
fluxes contained chlorides which would effloresce during 
atmospheric exposure and would cause severe corrosion 
of the magnesium alloys of that time. Superior fluxes and 
improved metal-handling methods have eliminated these 
flux inclusions and their corrosion-promoting effects. 

For the past three years, magnesium alloys in the 
wrought form have been produced commercially at a very 
low impurity level. It was found that extremely small 
quantities of certain other metals, contained as impurities 
in magnesium alloys, exerted a marked influence on salt- 
atmosphere corrosion resistance. Iron is especially harm- 
ful in this respect, but copper, nickel, and silicon are also 
undesirable, although less frequent contaminants. By 
production control methods, it has been possible to keep 
these impurities at very low levels, so that the present-day 
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wrought magnesium alloys are not only extremely resistant 
to ordinary atmosphere corrosion, but may be considered 
corrosion-resistant in salt atmospheres as well. 

It is surpising how many otherwise well-informed people 
are ignorant of this improvement in magnesium alloys, and 
who still believe that wrought magnesium will dissolve 
in a few hours if immersed in sea water. Of course, as is 
the case when joining any two unlike metals, precautions 
must be taken in insulating magnesium from contact with 
other, more noble metals, to prevent galvanic corrosion.— 
From a paper by J. C. De Haven, research engineer, Bat- 
telle Memorial Institute, presented at the recent SAE Na- 
tional Aeronautic meeting in New York. 


Design of Planes for Rental Service 


NATIONWIDE airplane rental service may be the 

next great step in American aviation development 
— if engineers can be persuaded to design airplanes to the 
specifications of those who sell, rent and operate them. 
Such a service would enable the customer to rent a plane 
cheaply and conveniently, fly to his destination, and leave 
the plane at another station. 

An example of what might be accomplished in the per- 
sonal flying field is the projected Fly-Urself system—a 
cooperative undertaking to be participated in by a na- 
tional organization of operators. 

Rates will be based on a new power-time recorder, that 
will give not only the time the engine is in operation, 
but also the amount of actual power taken from the en- 
gine. Rates will be based on cruising at 60 per cent of 
power, so that overspeeding will be expensive. 

As the vehicles for this extensive aircraft plan, it is 
proposed to develop two airplanes—a two-place and a 
four-to-five-place plane. Both are to be all metal with 
tricycle, retractable landing gear. The two-place plane is 
to have a 75-horsepower engine, weigh 1500 pounds, have 
a range of 500 miles, cruising speed of 125 mph, payload 
of 420 pounds including baggage, and useful load of 600 
pounds. The four-place plane will weigh 5000 pounds, 
have two engines of 250 horsepower each, a range of 
1000 miles, cruising speed of 200 mph, payload of 1050 
pounds, and useful load of 2200 pounds. With a sufficient- 
ly large production schedule prices of $4000 for the smaller 
plane and $12,000 for the larger are not at all impossible. 

With mass application of this system, it will be possible 
to smooth operations to such an extent that no overhaul 
will be done on the planes; parts will be replaced, even 
engines, so that repair work can be done in the shop while 
planes continue to operate. This represents a large chal- 
lenge to the aircraft engineer, but not an insurmountable 
one. Results will justify efforts expended, in terms of 
employment, service, and volume of business.—From @ 
paper by Iloward Ailor, Fly-Urself Airplane Service, pre- 
sented at a recent meeting of the Detroit Section of SAE. 
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@ American Seamless is standard equipment on this make 
of milling machine. Used for carrying oils, solvents and 
cutting compounds, its sturdy toughness assures long, 
economical service. 


® The readily-maintained cleanliness of American Seamless assures this user complete freedom from 
impurities that might contaminate delicate perfume being carried between storage tank and filter. 
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Anevitiite 
METAL HOSE 
THE AMERICAN BRASS COMPANY 


American Metal Hose Branch 


General Offices: Waterbury 88, Connecticut 
Subsidiary of Anaconda Copper Mining Company 


In Canada: ANAcoNDA American Brass L1., 
New Toronto, Ont. 
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BOTH conveyed through 
Floto Connections 


HESE ILLUSTRATIONS show but two of thousands of 

various applications of American Flexible Metal Hose 
and Seamless Flexible Tubing. For these durable products 
are continually being adapted to new and “different” en- 
gineering needs. 

Steam, oil, water, gases, refrigerants and other fluids 
...at high or low pressures and temperatures... are safely 
and economically handled by American assemblies. 

Whether your problem is one of compensating for vi- 
bration, connecting moving parts, or providing for mis- 
alignment, American has... or can quickly develop ... 
a flexible assembly to do the job. 

For detailed information on American Flexible Metal 
Hose and Seamless Tubing, write for Publication SS-50. 
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YOUR WIFE’S HAT... 
AND AN 


Armature Shaft’s 
Protection 





Photograph Courtesy 
Merrimac Hat Co. 


in common! 


Felt Roller Bearing Wick, showing 
an ingenious method of reservoir 
filling. Metal feed tube insert per- 
mits rapid oil replacement. While 
the oil is moving to the friction 
point, it is being filtered .. . 
freed from impurities. 


have much 


x. indeed, the smart Felt “creation” from the milliner’s on 
the: Avenue ... and the humble Felt wick or pad that solves 
dificult machine lubrication problems are both felted from 
lamb’s wool. 

“Nothing but Felt will hold oil ready to bleed immediately at 
dangerous friction points. This “watch dog” alertness of Felt 
results from its capillarity — makes it the preferred agent 
for lubricating large and smell armature shafts, journal bear- 
ings, spindles and remote machine parts. Felt pads absorb, 
store and distribute oil, water, ink and other process fluids 
in automatic printing equipment, numbering and postage 
machines. 

There are many other uses of Felt in industry — as shock, 
vibration and sound-absorber, thermal insulator, polisher, 
spacer. To obtain the benefits of technological advances in 
Felt, consult an American Felt Company sales engineer or 
write on your letterhead for appropriate Data Sheets and 
samples of Felt, 





AMERICAN FELT COMPANY DATA SHEETS 
Write for those you need to complete your Felt reference file. 
No. 1—Felt Density and Hardness No. 8—U. S. Army Specification 


No. 2—Adhesives for Felt No. 8-15G 
Application No. 9—Sheet Felts, standard 


No. 3—"K” Felt—Sound Ab- Grades and Specifica- 


i tions 
ne Thermal No. 10—Vibration Isolation 
With Felt 


No. 4—Special Felt Treatments No. 11—Felt Seals, Their Design 
No. 5—S.A.E. Specifications and and Application 

U. S. Navy 27F7 No. 12—Flame-proofed Felt 
No. 6—Felt and Lubrication No. 13—Felt in Compression 
No. 7—A.S.T.M. Methods of Test No. 14—Vistex—Packings, 

for Wool Felt, D461 Gaskets, Seals 











American Felt 
Com 


ny 


TRADE 





General Offices: GLENVILLE, CONN. 


New York; Boston; Chicago; Detroit; Philadelphia; Cleveland; St. Louis 
Atlanta; Dallas; Los Angeles; Seattle; San Francisco; Portland 
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BUSINESS AND 
SALES BRIEFS 


ORMERLY connected with Copperweld Steel Co., Robert 

G. Willaman has been appointed sales manager and mem- 

ber of the board of directors of the newly organized Peterson 

Steels Inc., 420 Lexington Ave., New York 17. The com- 

pany recently purchased SKF Steels Inc. and is engaged in 
the same type of business. 


* 


Hugo S. Erickson and Carl E. Benson have dissolved their 
partnership to form a corporation known as Industrial Molded 
Products Co. Inc. It is located at 2035 Charleston Ave., 
Chicago 47. 


¢ 


Recently announced by the Colgate Aircraft Corp. of Amity- 
ville, Long Island, N Y., is the purchase of the former Grumman 
Aircraft Engineering Corp. building located at 14th St. south 
of West Hoffman Ave., Linderhurst, Long Island, N. Y. Aug- 
mented facilities of the new’ factory will be coordinated with 
existing’ facilities at the Amityville plant. 


Re 
he F o 


With, headquarters at the general office in Trenton, N. J., 
James P. Stewart has been appointed by the De Laval Steam 
Turbine Co. to serve as special representative for centrifugal 
blowers and compressors. Formerly he was assistant general 
manager of B-W Superchargers Inc., Milwaukee, Division 
of the Borg-Warner Corp. 


* 


A new type of construction will be used by Aluminum Co. 
of America in the erection of a twenty-story office building at 
Park Ave. & 58th St., New--York. The entire facade, with the 
exception of the window areas, will be made of aluminum. 


* 


Operating out of the factory office at 34 East Logan St., 
Philadelphia, Les Hunt has been named direct factory repre- 
sentative for Automatic Temperature Control Co. Inc. Mr. 
Hunt, an electrical engineer, was director of research for the 
past five years. 


¢ 


Cutler-Hammer Inc. has opened a new office at 1404 North 
Main St., Rockford, Ill. G. I. Wolff, who has handled the 
territory for nineteen years, is in charge of the new office 
while R. E. Ford, with the Milwaukee sales organization for 
five years, will be resident sales engineer. 


¢ 


Appointment of six new field engineers has been announced 
by Nelson Sales Corp., Lorain, O. These are: Richard O. 
Blankmeyer, 211 Ledyard Drive., Fayetteville, N. Y., to cover 
the upstate New York and northern Pennsylvania area; Ken- 
neth Knotts, P. O. Box 1978 or Suite 235, Executive Floor, 
William Penn Hotel, Pittsburgh, to handle the western Penn- 
sylvania, southeastern Ohio, western Maryland and West 
Virginia area; Leslie E. Bluhm, 7762 Emerson Rd., West Lan- 
ham Hills, Hyattsville, Md., to cover the Delaware, eastern 
Maryland, Washington, Virginia and North Carolina area; Al 
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An oscillogram, magni- 
fied 10,000 times in terms 
of spindle movement, 
7 showing shift of axis of 
n lathe-spindle (3 x 10-4 in.) 
1 
1 











| HE PROBLEM was the mass production of small 
I precision parts on a lathe to exceptionally close 
tolerances...and tolerances were not being met... 


Test apparatus employing an electronic circuit 
in conjunction with photographic recording equip- 
: ment was’set up to study the performance of 
| lathe-spindles. It proved, as shown above, that the 
longer the shutdown, the greater the shift of spin- 
dle axis... 


Immediate product improvement...with a lower 
rejection rate ... was achieved through this investi- 
gation. And this was just the beginning — further 


INSTRUMENT RECORDING 


+». another important function of photography 





An oscillogram, also mag- 
nified 10,000 times in 
terms of spindle move- 
ment, showing smaller 
shift (10-4 in.) after five- 
minute shutdown. 


These Photographic Recordings, by showing effects of shutdown on 
lathe-spindle accuracy, helped produce precision parts in quantity. 


study of additional oscillograph traces revealed 
other irregularities in spindle performance which 
led to improvements in design. 


This is only one way in which Kodak photo- 
graphic equipment, film, and paper are helping 
solve problems in engineering, design, production, 
research. For information on photographic record- 
ing materials write for the new booklet, “Kodak Ma- 
terials for the Photography of Cathode-Ray Tubes.” 


EASTMAN KODAK COMPANY 


INDUSTRIAL PHOTOGRAPHIC DIVISION 
ROCHESTER 4, N. Y. 
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maveto LAKE IT" 


THEY’RE DROP FORGED 


For sheer ability to “take it” drop forged 
parts are unsurpassed That’s why Forgings 
by Phoenix can be found wherever parts 
with a plus amount of stamina are required 
... parts that must be strong, tough and 
possessed of high fatigue resistance . . 
parts that must not fail despite high speed 
operation, reversal of stresses, and continu- 
ous wear and abrasion. 

Strength and stamina, however, are just 
two of the advantages provided by the use 
of Forgings by Phoenix. Others include: the 
ability to position strength without increas- 
ing weight... the forming of parts to close 
tolerances which minimizes machining time 
and eliminates waste... and the wide range 
of welding adaptability for the fabrication 
of complicated assemblies from two or more 
forgings. 

The many advantages of Forgings by 
Phoenix are a definite aid to product im- 
provement . . . increased efficiency ... and 
production economies. You can enjoy these 
same advantages . . . consult a Phoenix 
Forging Engineer today . . . there’s no obli- 
gation. 


Fepips 
Cagivaps by 
PHOENIX 


Forging Division of 


PHOENIX MANUFACTURING COMPANY 


CATASAUQUA, PA. e JOLIET, ILLINOIS 











Wrigley and Jack Godley, 2970 West Grand Blvd., Detroit, to 
handle jointly the Detroit area, with Mr. Wrigley also covering 
northeastern Michigan and Mr. Godley, northwest Ohio and 
the Fort Wayne, Ind., territory; and William G. Tawse, Box 
469, Los Angeles, to handle the southern California area 
formerly covered by M. E. Tougas. 


o 


Now under construction is a new addition to the plant of 
the Lincoln Engineering Co., St. Louis. To be completed 
by midsummer, the new addition will give relief to the de- 
mand for lubricating equipment and allied products. 


o 


Opening of a New England sales office has been announced 
by Fawick Airflex Co. of Cleveland. It will be under the direc- 
tion of Stanley T. Johnson, care of Transmission Engineering 
Co., 102 St. Mary’s St., Boston 15. Mr. Johnson has had ex- 
perience with General Electric, Electric Storage Battery and 
Bellamy-Robie Inc. 


e 


Raymond L. Seitz and Irving C. Maust have been appointed 
to the West Coast sales engineering staff of Foote Bros, Gear & 
Machine Corp., Chicago, and will be located at the office in 
Pasadena, Calif. Serving as sales engineers, Mr. Seitz and Mr. 
Maust will assist West Coast manufacturers in the application 
of Foote Bros. “A-Q” (aircraft quality) gears, power units, ac- 
tuators and other power transmission equipment. 


o 


Associated with the company for nineteen years, George T. 
Walne has been promoted to the position of manager of the 


| central district sales territory of General Box Co., Chicago. 


o 


Seven field representatives have been appointed to as many 
district and branch sales offices of SKF Industries Inc. They 
are: J. K. Redding, Philadelphia office; L. E, Jacobs, Buffalo; 
W. S. Corneille, Milwaukee; F. O. Hamlet, Chicago; G. E. 
Mayhew, Cleveland; B. J. Fraher, Detroit; and C. L. Eberlein, 
Atlanta. 


o 


Stewart-Warner Corp. las appointed Charles I. Kraus as 
sales manager and Gustave Treffeisen as assistant sales man- 
ager of the Alemite distribution division. Formerly Mr, Kraus 
was head of the industria] sales division, while Mr. Treffeisen 
was in charge of automotive and farm sales of equipment and 
lubricants. 


* 


A new West Coast Division plant in Los Angeles will be built 
by Square D Co. for the manufacture of control and electrical 
distribution equipment. This will replace the plant now in oper- 
ation, expanding present facilities by sixty per cent. 


o 


Appointment of the following has been made by Ilg Elec- 
tric Ventilating Co., Chicago: E. J. Stone, manager of the 
Detroit office to succeed A. H. Kirkpatrick; W. L. Hochschild, 
sales engineer at the Chicago branch office; John D. Briggs, 
assigned to the branch office in Philadelphia; and William 
S. Gorham, sales engineer in the branch office in Los Angeles. 


e 


Previously superintendent of the Valve & Bender Division 
of The Parker Appliance Co., Cleveland, Henry M. Reese 
has been made special field sales application engineer. He 
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BRICKS WITHOUT STRAW 


Long, long ago a penny-conscious Pharaoh tried to 


cut his cost corners by decreeing that bricks would 
be made without straw. He found out—the hard 
way—that scrimping on materials throws product 
performance and customer good will into full 
reverse. 


Hardenability in steel is analogous to straw in 
bricks. Leave it out and you invite trouble in. 








Molybdenum steels combine good hardenability 
with economy, thus insuring good performance on 
a practical cost basis. 


The Pharaoh may possibly have lacked data 
on the importance of straw in bricks—but there is 
readily available to all steel users a wealth of 
practical facts on the advantage of molybdenum- 
containing steels. Investigate now! 
















































































MOLYBDIC OXIDE—BRIQUETTED OR CANNED @ FERROMOLYBDENUM e@ “CALCIUM MOLYBDATE” 
CLIMAX FURNISHES AUTHORITATIVE ENGINEERING DATA ON MOLYBDENUM APPLICATIONS. 


“NEO E. 
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For complete, fool-proof fire 
protection, install CHIKSAN 
Non-Spin Fire Monitors at stra- 
tegic locations. Easy turning is 
provided by double rows of ball 
bearings, permitting the Chiksan 
Fire Monitor to be turned full 
360° in both horizontal and 
vertical planes. Monitor can be 
locked in any desired position. 
Since the discharge flow is in 
the same plane as the supply 
line, the Chiksan Fire Monitor 
will not spin. This means greater 
safety to the operator. Nothing 
to tighten or adjust. The Chiksan 
Fire Monitor is ready for instant 
action all the time. Write for 
latest catalog. 






CHIKSAN COMPANY 


New York 


CHIKSAN 







OTHER USES: 
HydraulicWashing 
Equipment, Log 
Debarking, Mixing 
Equipment. Can be 
supplied with any 
type of nozzle re- 
quired. 


CHIKSAN REPRESENTATIVES IN PRINCIPAL CITIES 
EXPORT REPRESENTATIVE: Chiksan Export Co., Brea, Calif. 
BRANCHES: New York 7, Houston 2 







BREA, CALIFORWIA 





will continue to make his headquarters in Cleveland but will 
devote all his time to consultation on valve and fitting prob- 
lems of major industries, including chemical process, power 
plant, refining, machine too] and refrigeration. 


* 
Establishment of a new district office in Cleveland has been 
announced by Pressed Steel Tank Co:, Milwaukee. With Ed- 
ward Elliot Jr. in charge, the new office will cover Ohio, most 


of West Virginia, the western portions of Ontario, New York, 
Pennsylvania, Maryland and Virginia, and the eastern por- 


tions of Michigan, Kentucky and Tennessee. Mr. Elliot recently, 


returned to the company after his release from the Army Air 
Forces. 


¢ 


Charles U. S. Grant has been appointed to the Cleveland 
office of Foote Bros, Gear & Machine Corp. In his new position 
as sales engineer he will assist manufacturers in their power 
transmission problems. 


e 


A new company known as Resistors Inc. has been organized 
by Joseph J. Cerny, formerly president and general manager 
of Lectrohm Inc. which he founded in 1987. Located at 2241 
Indiana Ave., Chicago 16, the company will manufacture a 
complete line of resistors as well as a wide range of rheostats, 
individual small-capacity solder pots, metal resistor cages, 
radio-frequency and power-line chokes, and custom-made 
heating elements. 


+ 


Change of name to Hammond Mfg. Corp. has been an- 
nounced by the Pacific Fabricating Co. D. C. Hammond will 
continue as president. 


¢ 


General offices of The Emerson Mfg. Co. have been moved 
to 8100 Florissant Ave., St. Louis 21. 


¢ 


Malcolm C. Durbin has become associated with Chicago 
Metal Hose Corp. and will serve as staff project engineer for 
the company, which has manufacturing plants at Maywood and 
Elgin, Til. 


6 


With offices in Los Angeles, E. J. Sanders has been ap- 
pointed western manager of the Thermo-Aire Division of Evans 
Products Co., Detroit. Assisting him will be William A. Lipp- 
man, formerly with the Sky Products Division of the company. 
Frank Dolinich has been named assistant to J J. Brandon, 
eastern sales manager of the Thermo-Aire Division, with offices 
at Cranford, N. J., while Frank A. Chase has been appointed 
central sales manager of this division, with offices in Cleveland. 


¢ 


Operated for the past five years as a partnership, the Chester 
Mfg. Co. of Lisbon, O., has been incorporated as the Chester 
Hoist Co. Hal F. Wright, founder of the business, is president. 


& 


Atlas-Pacific Engineering & Distributing Co. has moved 
into its new main plant on Hollis St., between 66th & 67th 
Streets in Emeryville, Calif. The company specializes in the 
design and production of equipment for the food processing 
industry. In addition to manufacturing its own lines of equip 
ment, the company serves as distributor for American Pulley 
Co., U. S. Electrcial Motors Inc. and Waukesha Foundry Co. 
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=7\ EROQUIP Self-Sealing Couplings * 


eliminates the use of 2 Valves 





With the Aeroquip Self-Sealing Couplings, age or loss of fluid occurs and no 
fluid carrying lines may be instantly discon- air is allowed to enter the system on 


nected without leakage. Upon separation each reconnection. Suitable for hydraulic 







half of the coupling automatically closes the and refrigeration systems as well 
line or tube to which it is connected and posi- as any lines carrying oils, fuels, 


tively retains the fluid carried therein. No leak- coolants, or refrigeration gases. 


AEROQUIP FIRSTS 


Detachable Hose Fittings 
Hydrofuse 
X-Washers 

* Another Aeroquip First 


AEROQUIP CORPORATION 


JACKSON, MICHIGAN 


327 M&M BUILDING, HOUSTON 2 e e@ e 1709 W. 8TH ST.,LOS ANGELES 14 * © © 803 PENCE BUILDING, MINNEAPOLIS 3 
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OHIO 


SMALL MOTORS 





for General Purpose 
Applications 


Types—Split Phase, Capacitor, 
Shaded Pole, and Direct Cur- 
rent 

Speeds—1100, 1700, 3400RPM 

Power—1/80 to 1/20 HP, de- 
pending on speed 

Voltages—up to 440 A.C. and 
250 D.C. 

Frequencies—60, 50, and 25 cycles 

Bases—Solid, Resilient or Flange 

Mountings—Horizontal, Sidewall, Ceiling or Vertical, with 
shaft up or down 

Efficiency—High for such small powers 


OHIO MOTORS INCLUDE 
aera induction to Torque to 100 oz. ft. 


Synchronots to 1 HP 
+ pene Current to 1 HP 7 
iter to 2 HP A.C. to D.C. Motor Genera 


tors to 500 watts 
Polyehae to 2 al High to Low Voltage D.C. 
Shell Type to 714 HP Dynamotors up to 300 watts 




















What is your problem? 


THE OHIO ELECTRIC MFG CO. 
5906 Maurice Avenue Cleveland 4, Ohio 


Se RZ 
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Meetings and 
Expositions 


Aug. 22-24— 

Society of Automotive Engineers Inc. National West Coast transpor- 
tation and maintenance metting to be held at New Washington Hotel, 
Seattle. John A. C. Warner, 29 West 39th St., New York 18, is sec- 
retary and general manager. 


Sept. 11-12— 

Society of Automotive Engineers Inc. National tractor meeting to be 
held at Hotel Schroeder, Milwaukee. John A. C. Wamer, 29 West 39th 
St., New York 1@ is secretary and general manager. 


Sept. 16-20— 

Instrument Society of America. First national instrument conference 
and exhibit to be held at William Penn Hotel, Pittsburgh. Richard Rim- 
bach, 1117 Wolfendale St., Pittsburgh 12, is executive secretary. 


Sept. 30-Oct. 2— 

American Society of Mechanical Engineers. Fall meeting to be held 
at Boston. Additional information may be obtained from headquarters 
of the society at 29 West 39th St., New York. C. E. Davies is secretary. 


Oct. 3-5— 
National Electronics Conference Inc, National forum on electronic re- 
search, development and application to be held at Edgewater Beach 


“Hotel, Chicago 14. E. H. Schulz, Illinois Institute of Technology, Tech- 


nology Center, Chicago 16, is secretary. 





Stress Analysis 
(Continued from Page 136) 


is a small radius present in all practical gages, and this is 
what contributes most of the lateral sensitivity. In stress 
gages (24 = 60 degrees) this radius causes the angle to 
deviate from the theoretical value only slightly, the jig de- 
sign being adjusted to produce a stress gage of the proper 
value of Poisson’s ratio. 

The gage factor for stress gages must necessarily be ex- 
pressed in terms of stress rather than strain, and since the 
gage design restricts the gage operation (with respect to 
Poisson’s ratio) the material upon which the gage can be 
correctly used is also restricted. Consequently, the ex- 
pression for gage resistance variation with stress that cor- 
responds to the familiar strain gage equation 


ie a a ee eee Aes ene Mahe eine a HSS: Hit sag <n e es (9) 
is 

AR 

ake en ee re ee ee ee ee ee ee ee ee ee ee eee (10) 


where R is the gage resistance, S is the strain gage factor, 
F the stress gage factor and ¢ and e’, respectively, the strain 
along the gage axis and the ratio of stress along the gage 
axis to Young’s modulus for the material upon which the 
gage is mounted. These latter two quantities are asso- 
ciated with the resistance changes AR. For the stress gage, 
the material upon which the gage is mounted must possess 
the Poisson’s ratio for which the gage is- designed. 

It develops that F = (1—,)S. This is explained by 
the following reasoning: Since a stress gage has an out- 
put of the general form of Equation 8, it can be considered 
to be a gage with an L-shaped wire-path, such that the 
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One thing about using Torrington Needle 
Bearings that the plant men appreciate is the 
way they can help to speed up the efficiency 
of assembly lines. 

It’s not only that their xmit construction sim- 
plifies handling and speeds installation. The 
advantages start right back in the design stage 
where their small size and light weight help 
to solve many related design problems. 

Then getting ready for production is easier, 
too. No elaborate tooling-up is necessary—a 
plain bore, machined to proper dimensions, 
provides the bearing housing. 

Installation is a simple press fit...a single 
arbor press operation sets the bearing in posi- 
tion. No spacers or retainers are required to 
hold Needle Bearings in place. 
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Performance for Assembly Lines, too... 





And because of the efficient lubrication of 
this modern anti-friction unit, special or com- 
plicated systems for lubrication are never re- 
quired. Even oil seals are unnecessary in many 
applications. 

So, when you adopt the use of Needle Bear- 
ings, you Can count on increased efficiency of 
your own production lines. And that’s some- 
thing we’re all looking for these days. 

Our engineering department will gladly as- 
sist you in securing full benefits from the use 
of Needle Bearings. 


THE TORRINGTON COMPANY 
TORRINGTON, CONN, SOUTH BEND 21, IND 
Offices in All Principal Cities 


TORRINGTON NEEDLE BEARINGS 
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Your Assurance of 
Maximum Performance...FOR YEARS 
... Dependable... Economical and 
Requiring Minimum Servicing... . 


Because the purchase of a gasoline 
powered appliance, farm machine or 
piece of industrial equipment is a 
major investment, users, dealers and 
manufacturers expect years of de- 
pendable service. The gasoline engine 
is the heart —the power unit. If it fails, 
the equipment fails. Hasty purchases 
now, with little-known, unproved pow- 
er units, bring up an element of risk. 


To be sure of all that is best and most re- 
liable, insist on Briggs & Stratton 4-cycle 
air-cooled engines. Every possible effort 
is being made to supply today’s unpre- 
cedented demands...the wait won’t be 
too long. Remember—“it’s powered right 
when it’s powered by Briggs & Stratton” 
— preferred power the world over. 


BRIGGS & STRATTON CORPORATION 
Milwaukee 1, Wisconsin, U.S. A. 








shorter leg is » times the length of the longer leg (which 
latter must lie along the axis of stress measurement). Con- 
sequently, the output for uniaxial stress is less than that of 
a strain gage made of the same piece of wire arranged in 
one straight path (which approximates closely the usual 
strain gage). It follows from Equation 7 and the fact that 
tan? @ = yp that 





= = Sete) =S ee ae ee (11) 
But, from Equations 8 and 10, 

AR oz 

= in (1-n)S- = a ee (12) 
From the definition of ¢’ 

(1—p)Sé = Fe..... 0... Ss ea eghlaeeeeree aii: (13) 
yielding 

is cencsalhd Aaa cclinanuibonsd (14) 


which means that the output of the stress gage is less (foi 
simple axial stress) than a similar strain gage in the ratio 
of (1—,)/1. 

Thus, C-1 strain gages usually possess a gage factor 
S = 3.5. CV28-1 stress gages (similar to C-1 strain gages 
but arranged for measuring stress in a material with Pois- 
son’s ratio of 0.28) have a gage factor of F = 2.5 or 28 
percent less. They may be checked by mounting them 
transversely to the loading direction under simple axial 
stress, under which condition their output is negligible. 


Stress Field Need Not Be Biaxial 


It should be noted that the advantages of stress gages 
over strain gages lies wholly in the field of biaxial stresses, 
but since the stress gage will operate faithfully in either 
uniaxial or biaxial stress fields, its general use eliminates 
the need for establishing whether the gage to be used is 
likely to encounter a loading for which it will not respond 
accurately. Inaccuracies in stress measurement due to 
strain measurement by a single gage may have any value, 
since the strain may be zero in some directions for which 
the stress may be significant. If it is assumed, however, 
that knowledge of the loading is always sufficient to locate 
the strain gages in the direction of the larger principal 
stress, the relative error in assuming o, = Eye 
will lie between + p/(1—jp) and —p/(1+ 4p) as o, ranges 
between +c, To date, no stress gages have been made 
with any other resistance than 500 ohms nor will a gage 
length appreciably less than that of the C-1 gage. 

SR-4 stress gages, types CV28-1 and CV28-2 (the lat- 
ter has the shorter mounting centers) have been in quan- 
tity use for some time in the measurement of vibratory 
stresses in hollow steel propeller blades, Fig.-1, where the 
case of simple or uniaxial stress distributions is the excep- 
tion rather than the rule. Stress gages exhibit a marked 
advantage when measuring complex vibratory stresses be- 
cause the biaxial stress equations are solved continuously 
without recourse to a second measurement plus electrical 
or mental calclulation. This is essential in propeller work 
especially, for the slip-ring system severely limits the num- 
ber of gages which may be used in any one flight. 
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Publis A 


. .. the story of the photographic 
system that brought the benefits of 
modern microfilming to industry and 
commerce ' 


It’s a story of industry-wide savings in 
filing space—as much as 98%. It’s a 
story of greater protection for draw- 
ings, contracts, cost and manufacturing 
data, as well as other irreplaceable 
documents. 


It’s a story of greater convenience, 
accessibility, economy . . . of photo- 
graphic completeness and accuracy 
...in every phase of record-keeping 
and transfer of information. 


It’s a story you'll find interest- 
ing... suggestive of applications 
to your own operations. To get 
it in all its detail, write for the 
new, free book—‘‘50 Billion 
Records Can’t Be Wrong.”’ 
Recordak Corporation, Sub- 
sidiary of Eastman Kodak 
Company, 350 Madison 
Avenue, New York 17, N. Y. 


RECORDPK 


(Subsidiary of Eastman Kodak Company) 
originator of modern microfilming 
—and its application to industry 





i a. 


FREE to Engineering | 


ROT PAY 





CORD, I ¢ ) 


Fill in coupon . . . mail NOW 


Recordak Corporation 
350 Madison Avenue, New York 17, N. Y. 


Please send me “50 Billion Records Can’t Be Wrong,” the 
important new book about Recordak microfilming. 


Name 
Company. 
a 


City 





Improvell SURFACE ANALYZER 


New, Magnetic 
Oscillograph 


Gives instantane- 
ous, permanent, 
ink-on-paper 
chart records. Re- 
cordings may be 
stopped fornotations. 
Accurate under a 
wide range of tem- 
perature conditions. 


New “RMS” Meter 
Provides constant visual check of 
*“RMS"surface roughness. Easy toread. 


@ Permanent, instantaneous 

direct-inking oscillograph 

chart record is obtained by 

exploring surface with fine 

diamond point—the motion of which is mag- 
nified and recorded on a moving paper chart. 
In cases where “hill and dale” chart profiles 
are not needed, the Brush “RMS” meter pro- 
vides an instant visual check of “RMS” sur- 
face roughness. 


Human error is eliminated by power-driven 
pickup and chart record. Accessory pickups 
are available for measurement of “hard-to- 
get-at” surfaces and rough finishes. The Sur- 
face Analyzer is rugged and attractively 
cased in black leatherette. 


The Surface Analyzer can help serve your pro- 
duction needs in checking surface irregular- 
ities. Write today for demonstration 

by our representative. 


Trade Mark U.S. Pat. Off. 





NEW MACHINES-- 


And the Companies Behind Them 


Air Conditioning 


Dust collector, Aerotec Co., White Plains, N. Y. 
Dust collector, Ideal Industries Inc., Sycamore, IIl. 
*Precipitator, Raytheon Mfg. Co., Waltham, Mass. 


Chemical 


Continuous forming machine, Femholtz Machinery Co., Los 
Angeles. 

High-vacuum dehydration unit, National Research Com.,, 
Boston. 

Small ultrafine pulverizer, Pulverizing Machinery Co., Summit, 
N. J. 


Domestic 


Electric range, Swartzbaugh Mfg. Co., Toledo, O. 

Recording machine, Ellinwood Industries, Los Angeles. 

*Home laundry, Bendix Home Appliances Inc., South Bend, 
Ind. 


Food 


Continuous fondant macisine, Kenmer Products, Chicago 2. 
*Bread slicer, Battle Creek Bread Wrapping Machine Co., 
Battle Creek, Mich. 


Metalworking 


Special machine for processing automotive steering knuckles, 
Snyder Tool & Engineering Co., Detroit 7. 

High-speed grinder, Wyzenbeck & Staff Inc., Chicago 22. 

Horizontal grinders, Master Pneumatic Tool Co. Inc., Orwell, O. 

Rapid production lathe, R. K. LeBlond Machine Tool Co., 
Cincinnati 8. 

Die casting machine, Hydropress Inc., New York 22. 

20-inch shaper, Simmons Machine Tool Corp., Albany 1, N. Y. 

High-speed sawing machine, The DoAll Co., Minneapolis 4. 


Packaging 
*Vacuum bottle filler, Erte] Engineering Corp., Kingston, N. Y. 
Rotary heat sealers, Pack-Rite Machines, Milwaukee. 
Straight-line vacuum packaging machine, Anchor Hocking 


Glass Corp., Lancaster, O. 
Fast heat sealer, [feat Seal-It Co., Philadelphia. 


Photographic 
*Projector, Chas. Beseler Co., New York. 


Plastics 

Plastics preheater, Airtronics Mfg. Co., Los Angeles 26. 

High-frequency bonding machine for seaming, Singer Sewing 
Machine Co., New York. 

10-ounce injection molding machine, Watson-Stillman Co. 
Roselle, N. J. 

$2-ounce injection molding machine, Lester-Phoenix Inc., 
Cleveland 13. 

“Molding press, F. J. Stokes Machine Co., Philadelphia. 


Refrigeration 


5 cubic foot capacity freezer, Orley Bros., Detroit. 
*Freezing unit, Ben Hur Mfg. Co., Milwaukee. 


Welding 


Bench type spot welder, Weldex Inc., Detroit 10. 
Combination charger and arc welder, The Hobart Bros. Co., 
Troy, O. 


*Tilustrated on Pages 152-154. 
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